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(57) The GaN group light emitting element of the 
present invention comprises a light emitting layer made 
from a GaN group material having a composition capa- 
ble of ultraviolet emission, and the light emitting layer 
has a part having lowered dislocation. The dislocation of 
the light emitting layer is lowered by the mask method. 
In a preferable mode, any GaN group crystal layer 
formed in the light emitting element is Al y Ga (1 _ y) N 
(0<ys1) and the Al composition y thereof satisfies 
[energy Eg1 of light emitted from the light emitting layer] 
< [band gap energy Eg2 of layer(s) other than the light 
emitting layer]. In addition to the lowering of the disloca- 
tion of the light emitting layer by the mask method, pref- 
erable collateral embodiments for highly efficient 
ultraviolet light emission are provided, such as lowering 
the dislocation of an electrode forming face and a Bragg 
reflection layer for protection and the like. The produc- ■ 
tion method of the present invention is characterized in 
that, of the feed gases fed for the crystal growth, an alkyl 
chloride compound of a group III element is used as a 
group III feed gas when forming a layer covering a mask 
layer by MOCVD according to the mask method. This 
method is preferably applied to the formation of a layer 
covering a mask in the GaN group light emitting element 
of the present invention. 
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Description 
Technical Field 

100011 The present invention relates to a GaN 
group semiconductor light emitting element that emits 
ultraviolet rays (hereinafter to be also referred to as a 
GaN group ^ight emitting element), and a product^ 
method of GaN group crystals preferably used for the 
element. 

Background Art 
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[00021 A GaN group light emitting element is made 
from a GaN group material and has been actively stud- 
ied since the realization of a high luminance Itght emit- 
ting diode (LED) in recent years. Some reports have 

documented continuous oscillation of a semiconductor 

laser at room temperature. 

10003] The GaN group material and GaN group 
crystal as referred to in the present specification mean 
a compound semiconductor material expressed by ln a . 
Ga b Al c N (0*a»1. OsbsL 0*0*1. a.b^l ) and crys- 

r0004r eOf Of the GaN group light emitting elements, an 
element comprising an InGaN active layer affords emis- 
sion of green to blue light and a high luminous ; effi- 
cacy. The Second Internationa. Conference on Nrtnde 
Semiconductors ICNS "97 P 51 6 reports on an LED com- 
prising InGaN as an active layer having a ^ort^ave. 
rO0051 Due to the thermodynamic instability of 
nGaN, a light emitting layer of InGaN as a whole cannot 
have a uniform composition ratio, but has locally differ- 
ent in composition ratios. The different rat os form dots 
of a several nm orderthat are dispersed in the light em*- 
hng layer. The dots are said to produce recomb.na ion 
radiation of carrier, which is considered one of the ac- 
tors that achieve emission of light from the InGaN light 
emitting layer at a high luminous efficiency. 
mo061 For ultraviolet rays to be emitted from an 
nGaN light emitting layer, the band gap of the materia, 
of the light emitting layer should be increased For m s 
to be achieved, an In composition ratio of InGaN s 
made smaller, thereby making the composition closerto 
GaN or In composition ratio is made smaller while add- 
f ng Al to make the composition InGaAIN or A.GaN. 
However a smaller In composition ratio results ,n a fail- 
ure to form the above-mentioned dots, which ,n turn 
results in lower luminous efficiency. 
00071 For example, when the In composition s 
Ed toward GaN, the luminous efficiency radically 
aJ from around the region where the light emitting 
wavelength changes to the ultraviolet ray region £ong 
with a decreased light emission output. In he , above 
mentioned report, an output of 5 mW (current 20 mA) at 
me light emitting wavelength of 371 nm decrease to 
1/10 only by decreasing the In composition ratio and 
making the light emitting wavelength 368 nm. 



ro0081 The same applies to the case where Al com- 
position is added to the material of a light emitting layer 
toward InAIGaN. When the In composition ratio is 
reduced, the luminous efficiency becomes low. In par- 
5 ticular. an AlGaN light emitting layer having an In com- 
position ratio of 0 is impractical. 

10009] It is therefore an object of the present inven- 
tion to provider GaN group light emitting element com- 
prising, as a light emitting layer, InAIGaN having a 
,o composition ratio affording the emission of ultraviolet 
rays! which enables emission of ultraviolet rays at a 
hiqher luminous efficiency. 

f001 01 Another object of the present invention is to 
provide various modes of the GaN group light emitting 
element preferably used to achieve the above-men- 
tioned object, which can inhibit occurrence of cracks 
and absorption of light by a part other than the light 

emitting layer. . . 

[001 1 1 A yet another object of the present invention 
Is to provide a production method of GaN group crystal 
useful for the GaN group light emitting element of the 
present invention. 



Disclosure of the Invention 

f001 21 The present inventors have conducted inten- 
sive studies in an attempt to emit ultraviolet rays at a 
"gh luminous efficiency from an InGaAIN (having , a 
composition ratio affording emission of ultraviolet rays) 
light emitting layer, andfound that, by lowering the d.slo_ 
cation of a light emitting layer, particularly he part 
invoked in light emission, the emission of ultraviolet 
r^ys at a sufficiently high efficiency can be achieved, 
even without dots due to In. which resulted in the com- 
Dletion of the present invention. 

moi31 The light emitting element oi the present 
Invention comprises a light emitting layer made , of In 
Ga a, N ( o*asl, Osbsl, OscsL a+b+c=l ) that emrts 
u.tt£ io.e t mys. The GaN group semiconductor hght 
« emitting element is characterized by the W""* 
layer comprising a part having lowered dislocation. 
[00141 In a preferable mode, all the layers made of 
GaN group crystal, that are formed in the light emitting 
element consist of Al y Ga (1 . y) N (0<ysi1), wherein the Al 
45 XosltionysatisfiesteUy Eg1 of light emitted from 
the light emitting layer]<[band gap energy Eg2 of 
layeris) other than the light emitting layer], except the 
material of the light emitting layer when it is an active 

moT 5 ] In a preferable mode, the dislocation of the 
light emitting layer is lowered by a mask layer and a 
,ayer covering the mask layer, that have been formed 
between a base substrate and a light emitting layer. At 
least one pair of a mask layer and a layer covering the 
maskteyeris formed* the laminating direction, wherem 
Z mil layer is partially formed on the surface where 
the mask layer is formed, such that a masked region 
and a non-masked region can be formed. The material 
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of the mask layer is substantially free from GaN group 
crystal growth from its surface, and the layer covering 
the mask layer is a GaN group crystal layer grown on 
the aforementioned non-masked region as the growth 
starting plane until it covers the upper surface of the 
mask layer. 

[0016] The method for producing the GaN group 
crystal of the present invention comprises the steps of 
forming a mask layer on a crystal face, where a GaN 
group crystal can grow, to provide a masked region and 
a non-masked region, the material of the aforemen- 
tioned mask layer being substantially free from GaN 
group crystal growth from its surface, and growing a 
GaN group crystal by vapor phase growth on the afore- 
mentioned non-masked region as the growth starting 
plane until it covers the upper surface of the mask layer 
to give a layer covering the mask layer, and is character- 
ized in that, of the feed gases supplied for crystal 
growth, the group III feed gas is an alkyl chloride com- 
pound of a group 111 element. This method is preferably 
applied to the formation of a layer covering the mask 
layer included in the GaN group semiconductor light 
emitting element of the present invention. 
[0017] Prior to the detailed description of the 
present invention, expressions and terms are explained. 
[001 8] In this specification, when the lattice plane of 
a hexagonal lattice crystal, such as GaN group crystal 
and sapphire substrate, is identified by four Miller indi- 
ces (hkil), the general expressions of Miller indices will 
be followed except that, when the index is minus, a 
minus symbol is put before the index for easy expres- 
sion. In the case of a GaN group crystal, the number of 
the prism planes (singular surface) parallel to the C axis 
is 6 One of them is expressed by, for example, (1-100), 
and when six planes are collectively referred to, {1-100} 
is used, in addition, the planes perpendicular to the 
aforementioned {1 -1 00) plane and parallel to the C axis 
are equivalent^ and collectively referred to as {11-20}. 
Furthermore, the direction perpendicular to the (1-100) 
plane is expressed by [1-100], and the directions equiv- 
alent thereto are collectively expressed by (1-100), the 
direction perpendicular to the (11-20) plane is 
expressed by [11-20], and the directions equivalent 
thereto are collectively expressed by (1 1 -20). When the 
Miller indices are to be incorporated in a Figure, the 
general expressions of Miller indices will be followed 
except that, when the index is minus, a minus symbol is 
put on the index. Any crystal direction used in the 
present invention is based on the GaN group crystal 
grown on the base substrate. 

[0019] For convenience's sake, the laminate struc- 
ture of a GaN group light emitting element is explained 
on the assumption that a base substrate is positioned 
on the lower layer side, on which GaN group crystal lay- 
ers are layered upward. The upper-lower directions are 
assumed for the laminate structure of the element, and 
the terms, "upper layer, "upper surface", "upper" and 
the like are used. 



[0020] Of the both electrodes formed on a light 
emitting element, an electrode formed on the upper 
layer side from the light emitting layer is referred to as 
an upper electrode and the other electrode is referred to 
as a lower electrode. 

[0021] The "masked region" and the "non-masked 
region" are both areas within the plane where a mask 
layer is formed. The upper area of the mask layer is 
regarded as equivalent to the masked region and used 
for explanation as such. 

[0022] While the upper-lower positional relationship 
between p-type and n-type of a GaN group light emitting 
element is not limited, the base substrate side (lower 
layer side) is generally used for n-type for the reasons 
relating to processing, and so is taken in the explanation 
to follow. In this connection, the positions of electrodes 
are explained in the embodiments using an insulator 
(e.g., sapphire crystal substrate) as a base substrate. In 
this embodiment, a part of the upper surface of the lam- 
inate is removed to expose an n-type contact layer on 
the lower layer side, an n-type electrode is formed on 
the exposed surface, and a p-type electrode is formed 
on the p-type contact layer on the upper layer side of the 
remaining laminate. However, this embodiment is not 
limitative, and the order of p-type and n-type may be 
reversed, a conductive base substrate may be used to 
form a lower electrode on the base substrate, or a differ- 
ent optional embodiment may be employed. 
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Brief Description of the Drawings 

[0023] In the Figures, the ratios of thickness and 
width of each layer - are magnified for explanation and 
are different from the actual ratios. - In addition, the 
electrode, light emitting layer and mask layer are 
hatched to distinguish them from other layers. 

Fig. 1 shows one embodiment of the GaN group 
light emitting element of the present invention. 
w Fig. 2 shows a growth method of a GaN group crys- 

tal using a mask layer. 

Fig. 3 schematically shows the growth state of a 
GaN group crystal and advance direction of dislo- 
cation line when the ratio of the growth rate in the C 
45 axis direction is greater when growing a GaN group 

crystal layer covering the mask layer. 
Fig. 4 schematically shows the growth state of a 
GaN group crystal and advance direction of dislo- 
cation line when the ratio of the growth rate in the 
direction perpendicular to the C axis is greater 
when growing a GaN group crystal layer covering 
the mask layer. 

Fig 5 shows another embodiment of the GaN 
group light emitting element of the present inven- 
tion. 

Fig. 6 shows still another embodiment of the GaN 
group light emitting element of the present inven- 
tion, wherein a base substrate comprising a GaN 
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group crystal layer having lowered dislocation on its 
surface. 

Fig. 7 shows a preferable embodiment of the mask 
layer. 

Fig. 8 shows a preferable embodiment of the mask - 
laver * 

Fig. 9 shows another embodiment of the GaN 
group light emitting element of the present inven- 
tion. 

Fig. 1 0 shows a preferable growth method of the 
GaN group crystal using a mask layer. 
Fig. 11 shows an embodiment for lowering the dis- 
location of the plane where the upper electrode is 
formed. 

Fig. 12 shows another embodiment for lowering the 
dislocation of the plane where the upper electrode 
is formed. 

Fig. 13 - Fig. 18 show preferable modes when a 
Bragg reflection layer is formed in an element. 
Fig. 19 is a graph showing the composition ratio of 
ln a Ga b Al c N affording emission of ultraviolet rays, 
based on a graph showing the relationship between 
lattice constant and band gap energy when the 
composition ratio of ln a Ga b Al c N was varied. 

Detailed Description of the Invention 
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[0024] The light emitting element of the present 
invention is explained in detail by referring to an LED 
having a simple structure. 

[0025] Fig. 1 shows a GaN group LED comprising 
an ln a Ga b Al c N as the material of a light emitting layer 
S3, which has a composition ratio (0^a^1, 0^bs=1, 
Oscssl, a+b+c=1 ) affording emission of ultraviolet rays. 
This light emitting layer S3 is made to have a lower dis- 
location, thereby to emit ultraviolet rays at a high effi- 
ciency which is conventionally unattainable. The 
element has a structure wherein a base substrate 1 is 
the lowermost layer, the layers of GaN group crystals (n- 
type GaN contact layer S1 , n-type AIGaN cladding layer 
S2 GaN light emitting layer S3, p-type AIGaN cladding 
layer S4, p-type GaN contact layer S5) are sequentially 
laminated on this base substrate by crystal growth to 
form laminate S, and electrodes P1 , P2 are formed ther- 
eon. The light emitting layer S3 is an active layer sand- 
wiched between two cladding layers S2 and S4 in a 
double heterojunction structure. The base substrate 1 
comprises a base sapphire crystal substrate 1a, and a 
buffer layer 1 b and a GaN group crystal thin film layer 1 c 
to improve lattice match, sequentially formed on the 
substrate. . 
[0026] Fig. 1 shows an embodiment wherein dislo- 
cation generated in the interface between a base sub- 
strate and a GaN group crystal grown thereon, due to 
lattice mismatch between the two, is inhibited, and the 
necessary part of a light emitting layer is made to have 
lowered dislocation. The generated dislocation is inhib- 
ited by forming a mask layer M and a layer S1 covering 



the mask layer, between the base substrate 1 and a light 
emitting layer S3. The mask layer M is partially formed 
on the upper surface of the layer (base substrate 1 in 
Fig. 1) on which the mask layer is formed, thereby to 
; form a masked region 12 and a non-masked region 1 1 . 
The layer S1 covering the mask layer is a GaN group 
crystal layer obtained by crystal growth on a non- 
masked region .1 1 as a growth start plane, until it covers 
the upper surface of the mask-layer M. A method for 
10 growing a GaN group crystal using this mask layer, and 
lowering of the dislocation achieved thereby, are 
explained in the following. 

[0027] A general production method of a GaN 
group light emitting element comprises the steps of 
75 growing a buffer layer at a low temperature on a sap- 
phire crystal substrate, and forming a light emitting part 
made of a GaN group crystal. However, the crystal is 
subject to occurrence of dislocation due to the factors 
such as lattice mismatch between the substrate and 
20 GaN group crystal, contamination with impurities, dis- 
tortion in multilayer film interfaces and the like. The gen- 
erated dislocation is succeeded by the upper layer with 
the growth of a crystal layer, even if the layer has a 
growing thickness, thereby forming a continuous defec- 
ts tive part called a dislocation line (through dislocation). 
[0028] in particular, a sapphire crystal substrate is 
known to have a dislocation density of not less than 
10 10 cm' 2 due to the big lattice mismatch between the 
substrate and the GaN group layer. Such highly dense 
dislocation is succeeded by the upper layer as a dislo- 
cation line when a laminate structure of a GaN group 
light emitting element is formed. 

[0029] In the present invention, the necessary part 
of the Ugl it emitting layer is freely made to have lowered 
dislocation by controlling the advance direction of the 
dislocation line that is generated on the lower layer side 
and reaches the light emitting layer, or by stopping the 
controlled dislocation line with a mask layer, or by 
reducing the occurrence of dislocation line by the use of 
a GaN group crystal substrate having lowered disloca- 
tion as a base substrate. For example, only a current 
constriction structure, that attributes to a locally intense 
light emission of the light emitting layer, can be made to 
have lowered dislocation. 

[0030] Lowering of the dislocation enables a light 
emitting layer made of ^Ga^N (including GaN, 
AIGaN) having a composition ratio affording emission of 
ultraviolet rays to have a sufficiently high luminous effi- 
ciency. It is postulated that the dislocation less fre- 
quently functions as a non-radiative recombination 
center and less frequently functions as a passage of 
current to cause current leakage. As a result, a carrier 
can preferably bond even in the absence of dots due to 
In. 

[0031] To lower the dislocation of a light emitting 
layer or to form a base substrate having low dislocation, 
the present inventors have found the following. 
[0032] The present inventors previously proposed 
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to prevent cracks of a GaN group crystal layer due to dif- 
ferent lattice constants between a GaN group crystal 
and a sapphire crystal substrate, by, as shown in Fig. 
2(a), forming a mask layer M (having lattice pattern) on 
a base substrate 1 , and growing a GaN group crystal 
layer 30 only on a non-masked region 1 1 where the sub- 
strate surface is exposed, thereby to spread the chip 
sized GaN group crystal layers 30 in the entirety of the 
substrate surface (JP-A-7-273367). 
[0033] Later studies of the present inventors have 
revealed that, when the spread GaN group crystal lay- 
ers 30 are further grown, the growth occurs not only in 
the thickness direction (C axis direction) but also in the 
transverse direction (direction perpendicular to C axis) 
of from each GaN group crystal layer 30 onto the mask 
layer M, as shown in Fig. 2(b). In addition, the rate of 
growth in the transverse direction often becomes as 
high as the growth in the thickness direction, depending 
on the crystal orientation. This has confirmed depend- 
ency on crystal orientation. 

[0034] When upward growth beyond the mask layer 
is performed, the growth in the thickness direction and 
the transverse direction can be continued. As shown in 
Fig. 2(c), the GaN group crystal completely covers the 
masked region to embed the mask layer. Consequently, 
a flat, large and thick GaN group crystal layer 30 asso- 
ciated with extremely less defects such as dislocation 
and without cracks can be obtained. 
[0035] The GaN group crystal layer 30 shows lower 
dislocation as a whole, when compared to a layer with- 
out a mask layer. As shown in Fig. 2(b), 2(c), however, a 
dislocation line invades in the GaN group crystal layer 
30 through a non-masked region. 
[0036] It was further found by the subsequent stud- 
ies of the present inventors that, when a crystal growth 
is performed to the point that the mask layer is formed 
and the mask layer is embedded as mentioned above, 
the upward advance direction of the dislocation line in 
the layer could be controlled by appropriately combining 
the pattern of mask layer, crystal growth method and 
atmospheric gas during crystal growth. This control 
method has enabled desired changes in the advance 
direction of the dislocation line from the non-masked 
region to the upward of the adjacent masked region, or 
from the non-masked region to straight upward or a 
direction upward to any region. 

[0037] Hereinafter, a method for obtaining a GaN 
group crystal having lowered dislocation using a mask 
layer is also referred to as a "mask method" and the 
GaN group crystal layer to be grown until it embeds a 
mask layer is referred to as a "layer covering the mask 
layer" or simply as a "covering layer" during explanation. 
[0038] Positive control of the upward advance direc- 
tion of the dislocation line using a mask layer and a layer 
covering the mask layer - can lower the dislocation of an 
important portion on an upper layer side beyond the 
mask layer, such as a part where ultraviolet rays are 
generated or an upper electrode forming face, which in 



turn results in improved output and service life of an ele- 
ment. 

[0039] The base substrate may be any as long as a 
GaN group crystal can grow. Particularly preferred is 
one capable of growth with the C axis as the thickness 
direction. For example, sapphire, crystal, SiC and the 
like widely used for GaN group crystal growth can be 
used. Of these, C plane and A plane of sapphire, 6H- 
SiC substrate, particularly C plane sapphire substrate, 
are preferable. In addition, a buffer layer of ZnO, MgO, 
AIN, GaN and the like may be formed on the surface of 
the material to reduce difference in the lattice constant 
from the GaN group crystal, or a thin film of a GaN 
group crystal may be formed as the surface layer. 
[0040] The mask layer is made from a material sub- 
stantially free of GaN group crystal growth from its sur- 
face. Examples of such material include amorphous 
such as nitride and oxide of Si, Ti, Ta, Zr and the like, 
namely, Si0 2 , SiN x , SiO 10< N x , Ti0 2 , Zr0 2 and the like. 
In particular, SiN x and SiO^Nx films superior in heat 
resistance, film forming property and easy removal by 
etching can be preferably used. 

[0041] The mask layer is formed to cover the entire 
surface of the substrate by vacuum evaporation, sput- 
tering, CVD and the like, a photosensitive resist is pat- 
terned by general photolithography, and a part of the 
substrate is exposed by etching. While the thickness is 
not limited, it is typically about 50 nm - 500 nm. 
[0042] By forming a mask layer, of the dislocation 
lines that have come from the lower layer side than the 
mask layer, at least those that have reached the masked 
region can be stopped by the mask layer. Of the disloca- 
tion lines that have come from the lower layer side, 
those that have reached the non-masked region pass 
through the region and advance onto the upper layer 
side. In the present invention, the direction of the dislo- 
cation line advancing to the upper layer side is positively 
controlled by the layer covering the mask layer. This is 
explained in the following. 

[0043] The GaN group crystal layer, which covers 
the mask layer, starts crystal growth from the non- 
masked region. When the GaN group crystal is grown, 
the ratio of the growth rate of the GaN group crystal in 
the C axis direction and the growth rate in the direction 
perpendicular to the C axis is controlled to make the 
shape of the crystal surface when the crystal grows 
higher than the mask layer roughly the following (1 ) and 
(2)- 
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(1) When the ratio of the growth rate in the C axis 
direction is greater, the crystal surface first has a 
pyramidal shape as shown in Fig. 3(a) Conse- 
quently, the direction of the dislocation line L can be 
bent from the upper part of the non-masked region 
toward the upper part of the adjacent masked 
region. Continued crystal growth makes the crys- 
tals from the adjacent masked regions join and form 
a flat top, as shown in Fig. 3(b). The dislocation line 
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at this time heads upward along the interfluent 
plane of the crystals, whereby the dislocation of the 
upper part of the non-masked region can be low- 
ered. 

(2) When the ratio of the growth rate in the direction 
perpendicular to the C axis is greater, the crystal 
surface upon crystal growth has a trapezoid shape 
with a flat top from the start, as shown in Fig. 4(a). 
Consequently, the direction of the dislocation line L 
can be straight upward, as show in this Figure. Con- 
tinued crystal growth makes the crystals from the 
adjacent masked regions join to maintain the flat 
top, as shown in Fig. 4(b), resulting in a greater 
thickness of the crystal layer. The dislocation line at 
this time continuously heads upward, whereby the 
dislocation of the upper part of the masked region 
can be lowered. 



[0044] The factor to control the ratio of the growth 
rate in the above-mentioned C axis direction (thickness 
direction) and the growth rate in the direction perpendic- 
ular to the C axis (transverse direction) is the combina- 
tion of pattern of the mask layer, crystal growth method 
and atmospheric gas during crystal growth. The layer 
covering the mask layer shows crystal growth in the 
above-mentioned (1) and (2), and the advance direction 
of the dislocation line can be determined. 
[0045] The mask can have an optional pattern. The 
pattern may have an opening in the shape of a circle, an 
ellipse, a star, a polygon etc. as a non-masked region, 
or either or both of the masked region and non-masked 
region may be linear. 

[0046] To control the advance direction of the dislo- 
cation line, the direction of the visible outline of the 
masked region, namely, the direction of the boundary 
line between the masked region and the non-masked 
region is important. 

[0047] When the boundary line between the 
masked region and the non-masked region is a straight 
line extending in the (11 -20) direction of the GaN group 
crystal, the (1-101) plane, which is a facet plane, is 
secured as a plane to allow growth in the transverse 
direction beyond the boundary line, and the growth rate 
in the transverse direction becomes late. As a result, the 
pyramidal shape is first formed as in the above-men- 
tioned (1) and then flattened. For this to be achieved, a 
certain thickness is required to embed the pyramidal 
crystal flat. 

[0048] Conversely, when the boundary line 
between the masked region and the non-masked region 
is a straight line extending in the (1-100) direction of the 
GaN group crystal, the {11-20} plane or the {11-22] 
plane of the GaN group crystal is secured as a plane to 
allow growth in the transverse direction along the upper 
surface of the mask layer beyond the boundary line. 
Since these planes are off-facet planes, the GaN group 
crystal grows rapidly in the transverse direction as com- 
pared to the {1-101} plane, as in the above-mentioned 



(2), which is a facet plane. Consequently, the thickness 
necessary for embedding flat can be smaller than in (1 1 - 
20). 

[0049] One example of the pattern most notably 
showing an effect of the above-mentioned mask pattern 
is a stripe mask pattern. The striped mask pattern is 
formed by arranging strip-like mask layers in a striped 
pattern. Therefore, a strip masked region and a strip 
non-masked region are arranged alternately. The longi- 
tudinal direction of the stripe (i.e., each strip) is the 
direction of the boundary line between the above-men- 
tioned masked region and the non-masked region. 
Thus, the (1-100) direction and <11-20) direction of the 
GaN group crystal are important longitudinal directions 
of the stripe. The mask pattern is not limited to stripes 
but may be any pattern in consideration of the direction 
of the boundary line. 

[0050] The method of crystal growth of a layer cov- 
ering the mask layer is exemplified by HVPE and 
MOCVD. In particular, when a thick film is prepared, 
HVPE having a high growth rate is preferable, and in the 
case of a thin film, MOCVD is preferable. 
[0051] The atmospheric gas for crystal growth is 
exemplified by H 2 , N 2 , Ar, He and the like. For the con- 
; trol of the growth rate, H 2 and N 2 are preferably used. 
[0052] When the crystal is grown in an H 2 rich 
atmospheric gas, the growth rate in the C axis direction 
becomes fast. In particular, when the direction of the 
boundary line between the masked region and the non- 
masked region is a straight line in the (1 1-20) direction 
(slow in the transverse direction), a notable pyramidal 
shape is first formed as in the above-mentioned (1 ) and 
then flattened, as in the above-mentioned (1). For this to 
be achieved, therefore, a certain thickness is required. 
[0053] When crystal is grown in an N 2 rich atmos- 
pheric gas, the growth rate in the C axis direction 
becomes slow, as compared to an H 2 rich atmosphere, 
which results in relatively high growth rate in the trans- 
verse direction. When the growth in the transverse 
direction is made faster as a result of a combination with 
a mask pattern, the above-mentioned (2) is achieved 
and the dislocation line can be headed upward. 
[0054] The crystal growth by MOCVD is mostly per- 
formed in an H 2 rich atmosphere. In the present inven- 
tion, it is also possible to carry it out in an N 2 rich 
atmosphere. 

[0055] One example of the H 2 rich atmosphere 
comprises the use of hydrogen 10 (L) for carrier gas + 
hydrogen 100 (cc) far organometallic bubbling as a 
group III gas, and hydrogen 5 (L) for carrier gas -t- 
ammonia 5 (L) as a group V gas. In this case, the hydro- 
gen concentration is 75% and the nitrogen concentra- 
tion is 0%. 

[0056] When the above-mentioned group III carrier 
gas is changed to nitrogen, the nitrogen concentration is 
about 50%. When the group V carrier gas alone is 
changed to nitrogen, the nitrogen concentration is about 
25%. in the present invention, therefore, a nitrogen con- 
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centration of about 25% and above is considered N 2 
rich for crystargrowth by MOCVD. 
[0057] The following explains a case wherein plural 
sets of a mask layer and a layer covering the mask layer 
are formed in the laminating direction. This embodiment 
enables to lower the dislocation of the upper layer side 
as a whole. 

[0058] Fig. 5 shows an embodiment comprising two 
sets of a mask layer and a layer covering the mask layer. 
In this embodiment, a second mask layer M2 and a sec- 
ond covering layer S12 are formed on the upper surface 
of the layer S1 of LED of Fig. 1 . On the upper surface of 
the covering layer S1 on the lower layer side exists an 
area where the dislocation line L has reached. In the 
present invention, a mask layer M2 on the upper layer 
side is formed covering this area and the layer S12 that 
covers this mask layer is grown. In this structure, the 
second mask layer M2 stops the dislocation line L that 
advances toward the upper layer through layer S1 . Con- 
sequently, the layer on the upper layer side beyond the 
second covering layer S12 comes to have lowered dis- 
location throughout the layer. The number of the sets of 
the mask layer and the layer covering the mask layer 
may be any that is necessary. It is also possible to still 
lower the dislocation by repeat forming the set many 
times. 

[0059] The embodiments of Figs. 1, 5 intend to 
treat, within the element, the dislocation line generated 
during preparation of a light emitting element before it 
reaches the light emitting layer, whereby to lower the 
dislocation of the light emitting layer. The following 
explains a mode wherein the dislocation of a light emit- 
ting layer is lowered by the use of a base substrate hav- 
ing a GaN group crystal layer having low dislocation at 
least as a surface layer from the first. 
[0060], Fig. 6 shows an embodiment of a base sub- 
strate having such a structure. In this Figure, a base 
substrate 1 comprises covering layers id, 1 e made of a 
GaN group crystal formed on a substrate (crystal sub- 
strate 1a, buffer layer 1b, GaN group crystal thin film 
layer 1c) having the same structure as the base sub- 
strate explained in Figs. 1 , 5 as the lowermost layer. The 
surface layer of the base substrate 1 is made to have 
lowered dislocation by the same method (Fig. 1 , Fig. 5) 
as used for lowering the dislocation of the light emitting 
layer by the mask method mentioned above. The cover- 
ing layer may be one or more layers. 
[0061] The mode shown in Fig. 6 can be considered 
an "embodiment wherein the mask layer and the layer 
covering the mask layer in Fig. 5 are included in the 
base substrate". When, for example, the base substrate 
1 shown in Fig. 6 is formed, if the surface layer 1e made 
of a GaN group crystal can be grown to have lowered 
dislocation and a thickness sufficient to make a sub- 
strate, the GaN group crystal part alone of the surface 
layer 1e may be cut off, or an optional thickness of the 
surface layer 1e including the surface thereof may be 
cut off and used as a base substrate. The use of such 
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base substrate can afford a light emitting element with- 
out having a mask layer inside. 

[0062] When the set of a mask layer and a layer 
covering the mask layer is to be formed in multilayers, 
the upper mask layer is placed to correspond to the 
lower non-masked region, as explained with regard to 
Fig. 5. When the upper mask layer is made greater than 
the lower .non-masked region, the dislocation line 
extending from the lower side can be stopped more 
completely by the upper mask layer. For example, as 
shown in Fig. 7(b), the pattern of the mask layers M, M2 
is a striped pattern, and multilayers can be formed 
repeatedly with the same pattern. As shown in Fig. 7(a), 
the ratio of the width of the mask layer (W1 ) and width of 
the non-masked region (W2) preferably satisfies 
{(W1-W2)/(W1+W2)}^0.1 . By laminating the striped 
pattern formed at this ratio, the upper and lower masked 
regions overlap preferably, as shown in Fig. 7(b), thus 
contributing to lowering of the dislocation of the upper 
layer side. 

[0063] The mask layer is formed from a specific 
material, such as Si0 2 and SiN Xl on which a GaN group 
crystal cannot grow as mentioned above, and is trans- 
parent to the light of a wide wavelength range inclusive 
of visible range. Moreover, a mask layer is formed 
extremely thin, and, when a GaN group crystal layer has 
grown, is embedded inside to make its identification dif- 
ficult. 

[0064] In the present invention, the mask layer can- 
not be identified easily. Therefore, this layer cannot be 
the standard for positional setting during processing 
after growth of GaN group crystal layer. To solve this 
problem, the present invention proposes to visualize the 
mask layer. 

[0065] A mask layer can be visualized by the follow- 
ing modes (1) and (2). (1) A distinguishing substance 
that prevents transmission of a wavelength light 
selected from ultraviolet rays - infrared rays is dispersed 
in a mask layer. (2) As shown in Fig. 8, a non-transmis- 
sion layer having the same pattern as the mask layer, 
that prevents transmission of a wavelength light 
selected from ultraviolet rays - infrared rays, is further 
formed between the surface on which to form a mask 
layer and the mask layer. These modes (1) and (2) ena- 
ble visual or optical distinction of the mask layer. 
[0066] By "prevents transmission of light" in the 
above-mentioned (1) is meant absorption of light by the 
size of a band gap. When the substance absorbs light, 
the light may be emitted after absorption, as in lumines- 
cent light. By "prevents transmission of light" in the 
above-mentioned (2) is meant reflection besides the 
above-mentioned absorption of light. The reflection 
means reflection of light due to the property of an 
opaque material such as a metal, or reflection by a 
55 structure designed and constructed to reflect a light 
having a specific wavelength, such as a Bragg reflection 
layer. By "prevents transmission of light" is meant not 
only complete prevention of light transmission but also 
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prevention of light to the degree a non -transmission 
layer can be visually or optically easily distinguishable. 
[0067] The wavelength of a light not transmitted is 
not limited. By making the light in the visible region and 
the region nearby (about 350 nm - 800 nm) non-trans- : 
missible, the distinguishing becomes easy. The non- 
transmissible wavelength region may be limited to a part 
or the entirety of the visible region to permit visual dis- 
tinction by a person. 

[0068] In the above-mentioned mode (1), the mask 
layer develops color by the wavelength light not 
absorbed by the distinguishing substance. When this 
substance absorbs all the wavelength light in the visible 
range, the mask layer assumes a dark color. In any 
case, the mask layer itself is colored, facilitating visual 
distinction of its presence. 

[0069] In the above-mentioned mode (2), a mask 
layer m2 is distinguished by the non-transmission lower 
layer m11, as shown in Fig. 8(a). Since the mask layer 
m2 is extremely thin, it may be considered an approxi- 
mate position of the mask layer. 

[0070] The mask layer is exposed to a high temper- 
ature that may reach 1000°C, at which a GaN group 
crystal is grown. Therefore, it is essential that the distin- 
guishing substance of (1) does not lose the property to 
absorb light at this temperature. The same applies to 
the non-transmission layer of (2). It is important that the 
layer does not melt or decompose when exposed to 
such growth conditions, maintain itself as a layer, and 
does not lose property to prevent light transmission. By 
"does not lose" here is meant not only invariability The 
wavelength to be reflected and absorbed and the level 
of reflection and absorption may change due to the high 
temperature and the like, only if the property to permit 
visual or optical distinction is maintained. 
[0071] The distinguishing substance of the above- 
mentioned (1) may be Fe, Cr, Nd and the like. When Fe 
and Cr are dispersed, brown is developed, and when Nd 
is dispersed, blue is developed. The method for dispers- 
ing the distinguishing substance in the mask layer is not 
limited. The distribution of the distinguishing substance 
dispersed in the mask layer is not limited, but that 
affording distinction of the outer line of the mask layer is 
preferable. 

[0072] The distinguishing substance is dispersed in 
the mask layer by, for example, forming, in the mask 
layer-forming step, a layer covering the entire substrate 
with a material of the mask layer, bringing a chloride of 
a distinguishing substance into contact with the mask 
surface and heat-treating to disperse the atom of the 
substance. Then, the mask layer is patterned. It is also 
possible to alternately form a thin layer made from the 
mask material and a thin layer made from the distin- 
guishing substance by sputtering to give multilayers, 
which are finally heat treated to allow dispersion of the 
substance in the entirety thereof. 
[0073] The non -transmission layer of the above- 
mentioned (2) is specifically exemplified by a layer ml 1 
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made from an opaque material (e.g., metal layer) as 
shown in Fig. 8(a) and a reflection layer m12 having a 
multilayer structure designed and constituted to allow 
reflection (e.g., Bragg reflection layer) as shown in Fig. 
8(b). The material of the layer mil made from an 
opaque material, as shown in Fig. 8(a), particularly a 
metallic layer, may be a high melting point material, 
such as W, Ti and the like. The constitution of the reflec- 
tion layer m12 as shown in Fig. 8(b), particularly, a 
Bragg reflection layer, is exemplified by a multilayer film 
combining GaN group crystal layers, such as a combi- 
nation of AIGaN/GaN, as a constitution standing the 
growth conditions of GaN group crystal. Particularly pre- 
ferred is a laminate of a desired number of pairs of two 
GaN group crystal layers constituting a superlattice, in 
view of the high reflection ratio it has. The total thick- 
ness of the mask layer and the non-transmission layer is 
generally preferably about 50 nm - 500 nm. 
[0074] The material of each GaN group crystal layer 
constituting a light emitting element may be any that is 
expressed by ln a Ga b Al c N (Ossasl, 0sbs1, O^csil, 
a+b+c=1 ). it is preferable that the layer other than the 
light emitting layer be made from a material having a 
greater band gap than the energy of a light emitted by 
the light emitting layer, so that the layer will not absorb 
the light. For example, a combination of a GaN active 
layer and an AIGaN cladding layer in double heterojunc- 
tion and the like, wherein the Al composition ratio is 
greater than the light emitting layer is exemplified, but 
InGaAIN layers containing In composition may be com- 
bined as long as the above-mentioned relationship of 
the band gap is satisfied. 

[0075] The structure directly involved in the mecha- 
nism of light emission in the laminate may be a structure 
of two layers joined by simple pn junction, a structure of 
three layers joined by DH (double heterojunction), SQW 
(Single Quantum Well) having a superlattice structure, 
MQW (Multiple Quantum Well), a structure having 
quantum dots and the like. 

[0076] The light emitting layer in the case of two 
layer pn junction is a depletion layer formed in the inter- 
face of the junction, and an active layer in the case of 
DH. In the case of SQW, MQW and quantum dot struc- 
ture, the light emitting part having a band gap forming a 
well shape is a light emitting layer, like in DH. 
[0077] The material of the light emitting layer is the 
above-mentioned ln a Ga b Al c N having a composition 
ratio capable of emitting ultraviolet rays. The ultraviolet 
rays generally has the upper limit of the wavelength of 
400 nm - 380 nm and the lower limit defined as about 1 
nm. In the present invention, the upper limit of the wave- 
length of the ultraviolet rays is set to 400 nm. 
[0078] Of the lnaGabAlcN, the composition capable 
of emitting ultraviolet rays is, as shown in the graph of 
Fig. 19, expressed by the area in the about triangular 
area enclosed by InN, GaN and AIN, and particularly by 
the band gap energy of not less than about 3.1 [eV], 
which corresponds to the wavelength of 400 nm, 



8 



BNSDCCID: <EP 1071143A1 J_> 



15 



EP 1 071 143 A1 



16 



hatched in the Figure. This hatched area includes the 
boundary line on the outer periphery. A typical material 
is Al x Ga (1 _ x) N (0sx<1). Specifically, a preferable mate- 
rial is that wherein x is not more than 0.2. A GaN 
wherein x=0 is a preferable material because it can 5 
increase the difference in the band gap from the clad- 
ding layer. 

[0079] It has been clarified that even a light emitting 
layer with a smaller In composition can enhance lumi- 
nous efficiency by lowering the dislocation of the light 10 
emitting layer. The dislocation should be lowered to a 
dislocation density of not more than about 10 7 cm' 2 . 
Particularly, by lowering the dislocation density to not 
more than 10 4 cm" 2 , a light emitting element having a 
long service life, a high luminous efficiency and a high 15 
output can be obtained. 

[0080] According to the present invention, the 
degree of lowering the dislocation of the light emitting 
layer and other layers is expressed by the dislocation 
density of the upper surface of the layer. The dislocation 20 
density is calculated from the number of dislocations or 
the number of various singular points generated in 
response to and caused by the dislocation, in a certain 
area. 

[0081] For the observation of the singular points 25 
caused by dislocation, the information of the atomic 
arrangement around the dislocation has become 
increasingly available by the recent progress of a high 
resolution electron microscope. However, it has been 
generally observed using the distortion around the dis- 30 
location as a clue. For this type of observation, atypical 
electron microscope, X-ray diffraction, etch pit, a 
method utilizing segregation of impurities in the disloca- 
tion parts and the like can be used. 

[0082] More accurately, therefore, the number of 35 
dislocations appeared on the target surface may be 
counted with a transmission electron microscope 
(TEM). However, the result also approaches an accu- 
rate value by amending the number of dislocations 
observed by the above-mentioned general and simple 40 
method. 

[0083] The measurement area where the number of 
dislocation is counted is not necessarily the entire upper 
surface of the layer. In the present invention, only a part 
of the entire light emitting layer can be made to have 45 
lower dislocation and the part can be the center of the 
light emission. In this case, only the degree of lowering 
of the dislocation of this part is important. The low den- 
sity of the part should not be generalized into a value for 
the entire layer upon combination with the high disloca- 50 
tion of other area. In the present invention, the area hav- 
ing lower dislocation is the upper part of the masked 
region or non-masked region. Therefore, the area hav- 
ing lowered dislocation can be specified in relation to 
the position of the mask layer. After specifying the area 55 
having lower dislocation, a predetermined sample 
number n of the measurement areas having a given 
shape and area are randomly taken out from the area, 



and the dislocation density of each measurement area 
is measured and calculated. The n numbers of values of 
the dislocation density are averaged and taken as the 
dislocation density. 

[0084] By lowering the dislocation of the part 
involved in light emission as mentioned above, ultravio- 
let rays can be emitted at a sufficiently high efficiency. 
When InGaAIN is used as the material of the light emit- 
ting layer to emit ultraviolet rays, as mentioned above, 
the luminous efficiency can be improved. However, 
more preferable element awaits resolution of other 
problems, which have been newly found by the present 
inventors. The problem is (3) to satisfy the following (1) 
and (2). 

(1) For crystal growth of a GaN group crystal layer 
on the first base crystal substrate (e.g., sapphire 
substrate), a buffer layer is formed on the substrate 
to reduce lattice mismatch between a substrate and 
a GaN group crystal, and then a GaN surface layer 
(several urn) is grown thereon to improve crystallin- 
ity, whereby a base substrate is generally obtained. 
When the surface layer of the base substrate is not 
a GaN layer (e.g., buffer layer is the surface layer), 
each layer of a light emitting element to be formed 
thereon is mainly made of GaN. 

(2) To use ln a Ga b Al c N capable of emission of ultra- 
violet rays, such as AIGaN, for a light emitting layer, 
a layer (e.g., cladding layer) involved at least in light 
emission needs to enclose a carrier, enclose gener- 
ated light (e.g., semiconductor laser), allow trans- 
mission of light, and the like. In view of this, AIGaN 
having a greater band gap than the light emitting 
layer needs to be used for such layer. 

(3) As in the above-mentioned (1), GaN is conven- 
tionally used for each layer constituting the light 
emitting element. On the other hand, as in the 
above-mentioned (2), to make the light emitting 
layer from ln a Ga b Al c N capable of emitting ultravio- 
let rays, the layer (e.g., cladding layer) involved in 
the light emission needs Al composition to give, for 
example, AIGaN. However, the ultraviolet rays emit- 
ted from such a light emitting layer is absorbed by 
the GaN layer due to the band gap, posing a big 
problem. In addition, GaN and AIGaN have different 
lattice constants. Therefore, due to the elevation 
and drop of temperature, which is repeated until the 
whole laminate is completed, a large stress is cre- 
ated in the interface of these layers. This some- 
times causes occurrence of cracks in either or both 
of the AIGaN layer and GaN layer. The cracks that 
occurred in the AIGaN layer can be inhibited by 
making the AIGaN layer thin, but a GaN layer hav- 
ing a certain thickness is required for the above- 
mentioned reason (1). Consequently, the problems 
of light absorption and cracks in the GaN layer can- 
not be solved. 
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[0085] In contrast, the present inventors have found 
that the light absorption and cracks in the GaN layer can 
be inhibited by making the GaN group crystal layer con- 
stituting the light emitting element with Al y Ga (1 _ y )N 
(0<ys1). When the light emitting layer is an active layer, 5 
the material of the active layer may not be AIGaN. 
[0086] In an embodiment constituting each layer 
with Al y Ga (1 . y) N, AlyGa^.yjN is always used when a 
GaN group crystal layer is formed as a surface layer of 
a base substrate on a buffer layer, when other GaN 10 
group crystal is formed in the base substrate to lower 
the dislocation, and as a material for various GaN group 
crystal layers to constitute a light emitting element. 
While expressed as always, the composition ratio of y 
may be changed for every layer, as long as the compo- 
sition ratio y satisfies [energy Eg1 of light emitted from 
the light emitting layer] < [band gap energy Eg2 of 
layer(s) other than the light emitting layer], as men- 
tioned above. This has a consequence that the stress 
generated by the difference in lattice constant between 
the GaN layer and the AIGaN layer is alleviated because 
it turns into the difference between AIGaN layers, thus 
inhibiting occurrence of cracks. 

[0087] When the light emitting layer is an active 
layer, since the active layer is a thin film, the material of 
the active layer is exceptionally not limited to A! y Ga (1 . 
y) N alone but may be ^Ga^^N having a composition 
ratio capable of emission of ultraviolet rays, such as 
GaN, as long as Eg1 <Eg2 is satisfied. 
[0088] By "the light emitting layer is an active layer" 
is meant that the layer is formed as a thin film due to the 
mechanism of the light emission and Al y Ga (1 . y) N clad- 
ding layers exist directly on or apart from the upper layer 
side and lower layer side, such as the active layer of a 
double heterojunction structure. Particularly, when it is 
an active layer having a thickness of not more than 
about 50 nm, the use of GaN is tolerable due to less 
occurrence of cracks and is preferable to enlarge the 
difference in the band gap from an Al y Ga (1 . y jN cladding 
layer. Examples of the case where a light emitting layer 
is not an active layer include a simple two layer pn junc- 
tion structure, in which case Al y Ga(-,_ y) N is used for both 
the two layers. 

[0089] The LED shown in Fig. 9 has a structure 
wherein a base substrate 1 is the lowermost layer, an n- 
type Al y Ga (1 . y) N contact layer S1 , an n-type Al y Ga (1 . y) N 
cladding layer S2, an Al y Ga (1 . y) N active layer S3, a p- 
type Al y Ga (1 . y) N cladding layer S4 and a p-type Al y Ga (1 . 
y) N contact layer S5 are formed on the base substrate, 
and a p-type electrode P1 and an n-type electrode P2 
are formed on the laminate S. In the embodiment shown 
in Fig. 9, the structure for lowering the dislocation of the 
active layer has been omitted, but it may have a mask 
layer inside, as in Fig. 1 , or without a mask layer. Every- 
thing is made of AIGaN, which inhibits occurrence of 
cracks, and the LED is free of light absorption due to a 
GaN layer. 

[0090] As mentioned above, all the GaN group 



crystal layers of an element are preferably made of 
AIGaN. The present inventors have confronted a prob- 
lem in doing so and made an improvement. That is, a 
problem that, when AIGaN is formed by crystal growth 
according to the mask method, AIGaN polycrystal 
grows from the upper surface of the mask layer where 
the absence of growth of GaN group crystal is assumed, 
thereby preventing the process of the mask method, 
and the quality of the crystal is degraded. This is consid- 
ered to be caused by the fact that Al is extremely active, 
has a short length of diffusion of the Al reaction species 
on the mask layer, easily reacts with Si0 2 of the mask 
material, easily reacts with other reaction species and 
deposits on the mask layer, thereby allowing easy gen- 
eration of the core of crystal growth on the mask layer. 
Generally, when AIGaN crystal is to be grown according 
to the mask method, a GaN surface layer is first grown 
in a several ujti thickness, for improved crystal linity, on a 
sapphire substrate via a buffer layer to give a base sub- 
strate, and an AIGaN group crystal layer is grown on the 
base substrate. However, this method may improve the 
crystal linity, but causes occurrence of cracks in either or 
both of the GaN layer and AIGaN layer, due to the differ- 
ence in lattice constant between GaN crystal and 
AIGaN group crystal, and the elevation and drop of tem- 
perature repeated until the whole element is completed. 
[0091] In the present invention, these problems are 
solved by forming, as a first GaN group crystal layer, a 
layer covering the mask layer and growing a second 
30 GaN group crystal layer thereon. At this time, the first 
GaN group crystal layer has substantially nil Al compo- 
sition and the second GaN group crystal layer includes . 
a layer part where the Al composition increases from 
the boundary of the first GaN group crystal layer with an 
35 increasing thickness of the layer. Fig. 10 shows such 
embodiment, wherein a mask layer M is formed on a 
base substrate 1, and a first GaN group crystal layer 
(hereinafter the first layer) tl , and a second GaN group 
crystal layer (hereinafter the second layer) t2 have been 
40 grown. The mask layer M is formed on a substrate sur- 
face of the base substrate 1 to provide a masked region 
and a non-masked region 1 1 . The first layer t1 is a layer 
covering the mask layer and is obtained by crystal 
growth on the non-masked region 1 1 as the crystal 
45 growth starting plane. This layer has substantially no Al 
composition. The second layer t2 is a layer grown on the 
first layer t1. The second layer t2 has a part where the 
Al composition increases with an increasing thickness 
of the layer from the boundary of the first layer t1 up to 
so a predetermined thickness. 

[0092] This structure inhibits growth of polycrystal 
on the mask layer, secures a fine process of the mask 
method and affords a crystal part showing low disloca- 
tion. An AIGaN crystal layer having a preferable quality 
55 can be obtained, which is free of occurrence of cracks 
by the action of the part of the second layer t2 where the 
Al composition increases. 

[0093] To reduce occurrence of cracks in the 
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embodiment of Fig. 10, the thickness of the GaN crystal 
covering the mask layer is preferably made as thin as 
possible. For this end, increase of the Al composition is 
preferably started when the GaN crystal has covered 
the mask layer. * 
[0094] As the base substrate, one having a buffer 
layer on the surface may be also used. The material of 
the buffer layer may be known, but AI^Ga^N (0<x^1) is 
preferably used to inhibit occurrence- of cracks by mini- 
mizing the difference in the lattice constant between the 
first layer and the second layer, and to inhibit absorption 
of light when a light emitting element is constituted. 
[0095] The first layer is preferably as thin as possi- 
ble to inhibit occurrence of cracks by minimizing the dif- 
ference in the lattice constant between the first layer 
(e.g., GaN) and the second layer (e.g., AIGaN). There- 
fore, the mask method is most optimally applied 
employing (a) the (1 -1 00) direction of GaN group crystal, 
(b) MOCVD method, and (c) nitrogen rich gas as atmos- 
phere during crystal growth, as explained above. 
[0096] The first layer keeps growing in the thickness 
direction while growing in the transverse direction along 
the upper surface of the mask layer. As shown in Fig. 
10, therefore, a thickness T of the first layer at the 
moment it covered the upper surface of the mask layer 
(thickness of the non-masked region from the upper 
surface of base substrate 1) is determined by the growth 
rate of the first layer in the transverse direction and the 
width W of the mask layer. Therefore, by narrowing the 
width W of the mask layer, the value itself of the thick- 
ness T becomes small. The ratio of the thickness T of 
the first layer to the width W of the mask layer can be 
made smaller depending on the conditions of the 
above-mentioned (a)-(c). 

[0097] The material of the first layer may be any 
InGaAIN that contains substantially no Al composition. 
A typical example is GaN optionally containing a suita- 
ble In composition. As mentioned later, the second layer 
is preferably AIGaN. In this case, the lowermost part of 
the second layer is GaN, due to the gradient of the Al 
composition. Again, the material of the first layer is pref- 
erably GaN to make the difference in the lattice constant 
smaller. 

[0098] Inasmuch as the first layer is preferably as 
thin as possible, when the first layer has covered the 
mask layer, this layer is preferably made to form a sec- 
ond layer. The thickness of the first layer (thickness T of 
non-masked region from the upper surface of the base 
substrate in Fig. 10) is preferably 0.1 urn - not more than 
3 p.m, which range obviates cracks or absorption of 
light. 

[0099] The second layer need only be InGaAIN, but 
most preferably Al x Ga 1o< N (0<x^1) for inhibition of 
absorption of light and for smaller difference in lattice 
constant. 

[0100] The part having an increasing Al composi- 
tion in the second layer need only be at least on the 
boundary plane side of the first layer. For example, (1) 



the Al composition increases for a given thickness from 
the boundary plane of the first layer, and, beyond that 
part on ; the Al composition is constant or decreases or 
varies, or (2) the Al composition increases over the 
thickness of the second layer. 

[0101] The Al composition may increase in the sec- 
ond layer in a continuous and non-stepwise manner 
until it reaches the objective composition ratio, or in a 
layer-based stepwise manner upon division of the sec- 

w ond layer into an optional number of layers. In any case, 
the level of increase in the Al composition may be linear, 
arc and the like, which is optionally determined. 
[0102] The method for crystal growth while increas- 
ing the Al composition in the second layer in a continu- 

15 ous and non-stepwise manner is MOCVD, MBE and the 
like. 

[0103] The initial Al composition at the part where 
the Al composition of the second layer increases, 
namely, the first Al composition at the time point when 
20 the second layer starts growing on the first layer is pref- 
erably not more than 0.01 , particularly substantially 0, to 
make the difference in the lattice constant from the first 
layer smaller. Therefore, it is most preferable that a GaN 
crystal be grown as the first layer, the second layer start 
25 growing from the GaN crystal, and the Al composition 
be increased with an increasing layer thickness until a 
desired AIGaN composition is achieved. 
[0104] It is also possible to not form a definite inter- 
face between the first layer and the second layer by 
30 changing the starting materials to be supplied, in the 
same crystal growth apparatus. Alternatively, the crystal 
growth method of the first layer and the second layer 
may be changed according to the object. 
[0105] The foregoing is one preferable method to 
35 solve the problem of crystal growth on the mask layer 
due to the presence of Al. In the present invention, a dif- 
ferent method to deal with the above-mentioned prob- 
lem is provided. The method comprises setting the 
width of the mask layer (for example, the width of mask 
40 layer having striped mask pattern) to 0.01 jim - 1 jam. 
Generally, the width of the mask layer is about 10 jim - 
3 |im. By setting the width to a narrow one, such as 0.01 
um - 1 urn, the growth of AIGaN on the mask layer ce.n 
be inhibited. The width of the non-masked region, when 
45 the mask width is 0.01 jim - 1 |±m, is preferably about 
0.01 fim - 1 jum. 

[0106] The present invention provides a preferable 
production method of GaN group crystal as a further 
method to deal with the problem of crystal growth on the 

so mask layer due to the presence of the above-mentioned 
Al. The method comprises, in the mask method com- 
prising growing a GaN group crystal having an Al com- 
position as a layer covering the mask layer by vapor 
phase growth, supplying, of the feed gases supplied for 

55 crystal growth, a group 111 feed gas as an alkyl chloride 
compound of a group 111 element. 
[0107] When GaN group crystal is grown by met- 
allo-organic chemical vapor deposition, a group 111 feed 
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gas has been conventionally supplied as an alkyl com- 
pound of a group III element, such as trimethyl alumi- 
num and trimethyl gallium. In contrast, a CI composition 
is added to a group III feed gas and used for a metallo- 
organic chemical vapor deposition in the present inven- 
tion, as mentioned above. As a result, Al and Ga that 
precipitated on the mask layer bind with CI into AICI and 
GaCI. They easily leave the mask layer and the crystal 
growth on the mask layer can be inhibited. Therefore, 
even AIGaN can achieve the original growth of the mask 
method explained earlier to afford a preferable crystal 
and a light emitting element. 

[0108] This method is most beneficially used forthe 
metallo-organic chemical vapor deposition (MOCVD) as 
mentioned above. 

[0109] The alkyl chloride compound of group III ele- 
ment may be any as long as a CI composition can be 
added and the above-mentioned object can be 
achieved. For example, diethylaluminum chloride and 
dimethylaluminum chloride are exemplified as the start- 
ing material of Al and diethylgallium chloride and 
dimethylgallium chloride are exemplified as the starting 
material of Ga. 

[0110] In the present invention, a more preferable 
light emitting element is provided by lowering the dislo- 
cation of the light emitting layer and also lowering the 
dislocation of the area where an upper electrode is 
formed. 

[0111] As already explained, the dislocation gener- 
ated when growing a GaN group crystal on the base 
substrate forms a dislocation line even if crystal layers 
are sequentially grown, and advances to the upper layer 
until U reaches the uppermost surface of the laminate. 
The upper electrode (p-type electrode) is formed on the 
uppermost surface. Meanwhile, a short-circuit of pn 
junction, degrades the light emission characteristic of a 
Ga r \i group light emitting element and shortens the life 
of the element. The short-circuit is considered to occur 
when an electrode material enters the dislocation line 
penetrating the light emitting layer and diffused therein. 
[0112] In the present invention, the area for forming 
an electrode is made to have lowered dislocation, 
whereby the electrode material is kept from entering the 
dislocation line and the occurrence of a short-circuit can 
be reduced. As a result, a light emitting element associ- 
ated with less deterioration of light emission character- 
istic and having a longer life can be provided. 
[0113] Hereinafter, in the upper surface of each 
layer above the mask layer, the area corresponding to 
the upper part of the mask layer is referred to as the 
"corresponding masked region" of the concerned plane. 
Similarly, in the upper surfaces of the upper layers, the 
area corresponding to the non-masked region is 
referred to as the "corresponding non-masked region" 
for explanation. 

[0114] Examples of the combinations of the position 
of the mask layer to lower the dislocation of the area 
where an upper electrode is formed, the direction of the 
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dislocation line controlled by the mask layer and a layer 
covering the mask layer, and the position of the upper 
electrode are shown in Fig. 1 1. In every example, a light 
emitting tayer also has lowered dislocation. 

5 [01 1 5] In the embodiment of Fig. 11 (a), of the dou- 
ble heterojunction structures (S1 - S3), the n-cladding 
layer S1 on the lower side is a layer covering the mask 
layer. The mask layer is formed on the upper surface of 
the n-contact layer S5, and the center portion thereof is 

w a non-masked region. The dislocation line LI is stopped 
by the mask layer M. The dislocation line L2 that passed 
the non-masked region is not bent by layer S1 but 
advances upward to reach the corresponding non- 
masked region 1 1t of the upper electrode forming face. 

15 The upper electrode P1 is formed in the corresponding 
masked region having lowered dislocation within the 
upper electrode forming face. 

[01 1 6] In the embodiment of Fig. 1 1 (b), the disloca- 
tion line L2 that passed the non-masked region has 
20 been bent by the n-cladding layer S1 , and reached the 
corresponding masked region 12t in the upper electrode 
forming face. The upper electrode P1 is formed in the 
corresponding non-masked region having lowered dis- 
location within the upper electrode forming face. 
25 [01 17] In the embodiment of Fig. 1 1 , the mask layer 
M constitutes the current constriction structure. In this 
preferable embodiment, a part of the light emitting layer 
is made to emit intense light by current constriction, the 
part is made to have lowered dislocation, and the upper 
30 electrode is formed in a low dislocation area. This struc- 
ture provides an element superior in service life charac- 
teristic and having a high luminous efficiency. 
[0118] In the embodiment of Fig. 12, the dislocation 
line L2 is bent by the n-cladding layer S1 , and the center 
35 portion S21 of the light emitting layer S2 is made to have 
lowered dislocation. The embodiment up to this stage is 
the same as in Fig. 11(b). In the embodiment of Fig. 12, 
a second mask layer M2 is formed in the corresponding 
masked region between a light emitting layer S2 and the 
40 upper electrode, to not prevent light transmission and to 
stop the bent dislocation line L2. The mask layer M2 is 
covered with a p-contact layer S6. Consequently, the 
entirety of the upper electrode forming face has become 
a low dislocation area. The upper electrode P1 can be 
45 formed at an optional position free from prevention of 
the light emitted from the light emission center. Thus, 
the luminous intensity of the element can be further 
increased. 

[0119] In the present invention, a mask layer is 
so formed within the laminate of a light emitting element. 
. thereby to form a low dislocation area in a light emitting 
layer and the like. A preferable embodiment of an ele- 
ment in combination with a Bragg reflection layer is pro- 
vided by the present invention. 
55 [0120] Conventionally, a Bragg reflection layer is 
formed in an element to reflect the light heading to the 
direction opposite to the side to lead out the light, 
thereby to reduce loss of light. In the present invention 



12 



BNSDOCID: <EP 1071143A1_L> 



23 



EP 1 071 143 A1 



24 



as explained next, a Bragg reflection layer is not merely 
formed in an element but constructed to provide a pecu- 
liar effect by connecting the mask method with the 
Bragg reflection layer. Taking an LED as an example in 
the following, an embodiment wherein the Bragg reflec- 5 
tion layer is formed on the upper layer side (layer lower 
than light emitting layer) from the mask layer and an 
embodiment wherein the Bragg reflection layer is 
formed on the lower layer side from the mask layer are 
explained in this order. An embodiment of a GaN group 10 
semiconductor laser comprising a reflection layer is also 
shown. 

[0121] The Bragg reflection layer has a laminate 
structure comprising multilayers made from materials 
having different refractive indices, so that multiple inter- 75 
faces between such materials are formed. Among oth- 
ers, a multilayer structure made of GaN group crystal is 
preferable. Particularly, a multilayer laminate structure 
comprising a desired number of pairs of two GaN group 
crystal layers constituting a superlattice is preferable 20 
because it has a high reflectance. 
[0122] Fig. 13 shows an embodiment further com- 
prising a Bragg reflection layer B1 formed between the 
layer S1 covering the mask layer M and the light emit- 
ting layer S4, in addition to the structure shown in Fig. 1 . 25 
The dislocation of the light emitting layer S4 has been 
lowered to allow sufficient emission of ultraviolet rays. 
The Bragg reflection layer is positioned on the lower 
layer side from the light emitting layer, reflects upward 
the light emitted from the light emitting layer toward the 30 
lower layer side and leads the light out only with a mini- 
mum loss. In addition to this, the upper- lower relation of 
a Bragg reflection layer set above the layer covering the 
mask layer results in the inhibition of the degradation of 
the crystallinity of each GaN group crystal layer consti- 35 
tuting the Bragg reflection layer due to the dislocation 
line. As explained earlier, the area where an upper elec- 
trode is formed is made to have lowered dislocation, 
improving the characteristic of the light emitting ele- 
ment. 40 
[0123] In the embodiment of Fig. 14, the structure 
of from the base substrate 1 to the double heterojunc- 
tion structures (S3-S5) is the same as in the embodi- 
ment of Fig. 1. In addition, a second mask layer M2 is 
formed on the upper surface of p-type AIGaN cladding 45 
layer S5 and a p-type GaN contact layer S6 covers the 
mask layer M2. The second mask layer M2 constitutes 
the current constriction structure, and also stops the 
dislocation line L coming from the lower side, thereby to 
lower the dislocation of the area where the upper elec- 5( 
trode P1 is formed (area free from prevention of light 
from going out). The part S41 that emits intense light 
due to current constriction is made to have lowered dis- 
location by the mask layer M, improving the luminous 
efficiency. 5 
[0124] Fig. 15 shows the same structure as in Fig. 
14. In addition, a second Bragg reflection layer B2 is 
formed on the upper layer side from the light emitting 



layer S4. The second layer B2 forms a resonator 
together with the Bragg reflection layer B1 on the lower 
layer side. Thus, a surface light emission type GaN 
group semiconductor laser is provided. To constitute the 
resonator, the thickness of the layer between the Bragg 
reflection layers B1 and B2 is considered. Examples of 
the Bragg reflection layers B1 and B2 constituting the 
resonator include a laminate of pairs of GaN layer/AIN 
layer in the number respectively necessary for reso- 
nance and emission. This structure enables production 
of a preferable ultraviolet laser improved in the degrada- 
tion of crystallinity by partially lowering the dislocation of 
the light emitting layer, upper electrode forming face, 
and resonator, and having a longer service life. 
[0125] Fig. 16 shows an embodiment comprising a 
Bragg reflection layer B1 formed on the lower layer side 
from the mask layer M, conversely from the embodi- 
ments of Fig. 13 - Fig. 15. As in the earlier embodi- 
ments, the light emitting layer S3 is fully capable of 
ultraviolet emission after lowering the dislocation. By 
the limitative upper-lower relationship involving a Bragg 
reflection layer set on the lower layer side from the mask 
layer, the mask layer can function as a layer for lowering 
the dislocation of the upper layer side, and a layer for 
current constriction. At the same time, it functions as a 
protective layer to prevent degradation of the Bragg 
reflection layer on the lower layer side. 
[0126] By forming a Bragg reflection layer on the 
lower layer side from the mask layer and a mask layer 
thereon, the mask layer becomes a protective layer 
against diffusion of impurities from the upper layer side 
from the mask layer toward the lower layer, and the 
damage on the Bragg reflection layer can be reduced. 
When, for example, an impurity, such as Mg, is diffused 
to the Bragg reflection layer, the arrangement of the ele- 
ments constituting the Bragg reflection layer is dis- 
turbed, which in turn causes less steep interface and 
lower reflectance. 

[0127] Inasmuch as the mask layer can be formed 
without high temperature as used in the epitaxial growth 
method, formation of the mask layer itself does not 
cause thermal damage on the Bragg reflection layer. 
The mask layer thus formed can be a protective layer 
against the heat used for forming the upper layers, thus 
reducing the thermal damage on the Bragg reflection 
layer. 

[0128] From the aspect of protection of the Bragg 
reflection layer by the mask layer, the mask layer pro- 
vided nearer to the Bragg reflection layer offers a higher 

) effect of a protective layer. As shown in Fig.- 16, the 
structure comprising a Bragg reflection layer B1 , a mask 
layer M, a covering layer S1 , and a light emission struc- 
ture (S2, S3, S4) in this order from the base substrate 1 
is a preferable example, because it partially lowers the 

5 dislocation of the light emitting layer while preferably 
protecting the Bragg reflection layer. 
[0129] In the embodiment of Fig. 17, the structure 
of from the base substrate 1 to the double heterojunc- 
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tion structure (S2 - S4) is the same as in the embodi- 
ment of Fig. 16. The structure on the upper layer side 
comprises, as in the embodiment of Fig. 14, a second 
mask layer M2 formed on the upper surface of the p- 
type AIGaN cladding layer S4, and a p-type GaN con- 
tact layer S5 covering the mask layer M2. The second 
mask layer M2 constitutes the current constriction struc- 
ture, and also stops the dislocation line L coming from 
the lower side, thereby to lower the dislocation of the 
area where the upper electrode P1 is formed (area free 
from prevention of light from going out). The part S31 
that emits intense light due to the current constriction is 
made to have lowered dislocation by the mask layer M, 
improving the luminous efficiency. 

[0130] Fig. 18 shows the same structure as in Fig. 
17. In addition, a second Bragg reflection layer B2 is 
formed on the upper layer side from the light emitting 
layer S3. The second layer B2 forms a resonator 
together with the Bragg reflection layer B1 on the lower 
layer side. Thus, a surface light emission type semicon- 
ductor laser is provided. Both in Fig. 18(a), (b), a part 
S31 of the light emitting layer S3 is made to have low- 
ered dislocation, improving the luminous efficiency, and 
the second mask layer M2 lowers the dislocation of the 
area where the upper electrode P1 is formed, thus 
inhibiting shorter service life of an element. 
[0131] The embodiment of Fig. 18(a) and the 
embodiment of Fig. 18(b) are different in the growth 
conditions of a layer covering the mask layer, as 
explained by referring to Fig. 4, Fig. 5, and therefore, the 
advance directions of the dislocation lines are also dif- 
ferent In the embodiment of Fig. 18(a), the mask layer 
M is placed on the optical axis of the resonance, and in 
the light emitting layer S3, the upper part of the mask 
layer M has lowered dislocation. In the embodiment of 
Fig. 18(b), the mask layer M is out of the optical axis of 
the resonance, and in the light emitting layer S3, the 
upper part of the non-masked region has lowered dislo- 
cation. 

Examples 

Example 1 

[0132] In this Example, a GaN group LED shown in 
the embodiment of Fig. 1 was actually prepared. 

Formation of base substrate 

[0133] As shown in Fig. 1, a sapphire C face sub- 
strate was used as the most basic crystal substrate 1a. 
This sapphire C face substrate was placed in an 
MOCVD apparatus, heated to 1100°C in a hydrogen 
atmosphere for thermal etching. Thereafter, the temper- 
ature was lowered to 500°C and trimethylaluminum 
(hereinafter TMA) as an Al starting material and ammo- 
nia as an N starting material were flown to grow an AIN 
low temperature buffer layer 1b in a thickness of 30 nm. 
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The temperature was raised to 1000°C and trimethyl- 
gallium (TMG) as a Ga starting material and ammonia 
as an N starting material were flown to grow a GaN layer 
1c in a thickness of 2 urn, to give a base substrate. 

5 

Formation of mask layer and layer covering same 

[0134] This- specimen was taken out from the 
MOCVD apparatus and an Si0 2 mask layer M was 

w formed in a sputtering apparatus. The mask layer M had 
a striped pattern having a thickness of 100 nm and the 
width of both the masked region and non-masked 
region of 4 urn, and the longitudinal direction of the 
stripe was the <1 -1 00) direction relative to the crystal ori- 

15 entation of GaN group crystal. This specimen was 
placed in an MOCVD apparatus and heated to 1000°C 
in a nitrogen atmosphere. TMG and ammonia were 
flown and GaN crystal was grown to cover the upper 
surface of the mask layer fiat in a thickness of 2 urn to 

20 give layer S1 covering the mask (=n-type contact layer). 
[0135] In the upper surface of the thus-obtained 
layer S1 covering the mask, the upper areas corre- 
sponding to the masked region and non-masked region 
were measured for the dislocation density. As a result, 

25 the upper areas of the masked region had a lowered 
dislocation density of 7x1 0 6 cm* 2 . 

Formation of DH striatum 

30 [01 36] TMG, ammonia and silane as a dopant start- 
ing material were flown to grow an n-type AIGaN clad- 
ding layer S2 in a thickness of 0.2 urn. Then, TMG and 
ammonia were flown to grow a GaN active layer (light 
emitting layer) S3 in a thickness of 50 nm. The disloca- 

35 tion density of the upper surface of the GaN active layer 
was measured and it was found that, as in the case of 
the upper surface of layer S1 covering the mask, the 
upper surface of the masked region out of the upper sur- 
face of the GaN active layer had a lowered dislocation 

40 density of 7x1 0 6 cm' 2 . Then, TMA, TMG, ammonia and 
bis(cyclopentadienyl) magnesium (Cp 2 Mg) as a dopant 
starting material were flown to grow a p-type AIGaN 
cladding layer S4 in a thickness of 0.1 urn, whereby a 
DH structure as obtained. 

45 

Formation of p-type contact layer 

[0137] TMG, ammonia and Cp 2 Mg as a dopant 
starting material were flown to grow a p-type GaN con- 
so tact layer S5 in a thickness of 0.5 urn. After the growth, 
the atmospheric gas was changed to nitrogen and the 
layer was slowly cooled to room temperature. 

Formation of electrode 

55 

[0138] The sample obtained as in the above was 
subjected to dry etching to remove a part of the p-type 
layer and a part of the DH structure from the upper sur- 
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face of the laminate to expose the upper surface of the 
n-type GaN layer S1. An n-type electrode (lower elec- 
trode) P2 was formed, and a p-type electrode (upper 
electrode) P1 was formed on the uppermost surface of 
the laminate, whereby an LED capable of ultraviolet 5 
emission was obtained. 

Evaluation 

[0139] This LED was mounted on a To-18 stem 10 
table, and the output was measured, which was found to 
be 1 .5 mW at wavelength 362 nm, 20 mA. It was found 
that the luminous efficiency could be improved by lower- 
ing the dislocation even when GaN capable of ultraviolet 
emission, which is among the In^a^^N composi- 15 
tions, was used as an active layer. 



Example 2 

[0140] In this Example, two more sets of a mask 
layer and a layer covering the mask layer were added to 
the embodiment of Fig. 6 to give an LED incorporating 4 
sets of the mask layer and the covering layer. 

Formation of base substrate 

[0141] In completely the same manner as in Exam- 
ple 1 , an AIN low temperature buffer layer 1 b and a GaN 
layer 1c were grown on the base crystal substrate 1a. 
An Si0 2 mask layer M was formed on the surface of the 
above-mentioned sample under completely the same 
conditions as in the formation of the mask layer shown 
in Fig. 1 , and a GaN crystal was grown in a thickness of 
2 u.m to cover the upper surface of the mask layer flat, 
whereby the layer 1d covering the mask was obtained. 
In the upper surface of the layer Id covering the mask, 
the upper areas corresponding to the masked region 
and the non-masked region were measured for the dis- 
location density. As a result, the upper area from the 
masked region had a lowered dislocation density of 
5x1 0 6 cm" 2 , and the upper area from the non-masked 
region had a dislocation density of 2x1 0 9 cm" 2 which 
was of the same level as that of a typical GaN group 
crystal. 

[0142] As shown in Fig. 6, in the upper surface of 
the covering layer 1d, a second mask layer M2 was 
formed to secure a masked region in an upper area cor- 
responding to the non-masked region formed by the 
aforementioned mask layer M. This specimen was 
placed in an MOCVD apparatus and a layer 1 e covering 
the mask layer M2 was obtained as in the case of the 
layer 1 d covering the mask. 

[0143] In the upper surface of the covering layer 1e 
thus obtained, the upper areas corresponding to the 
masked region and the non-masked region formed by 
the second mask layer M2 were measured for the dislo- 
cation density As a result, the upper area from the 
masked region had a dislocation density of 7x1 0 6 cm* 2 , 



and the upper area from the non-masked region had a 
dislocation density of 5x1 0 6 cm" 2 . 
[0144] In the same manner as in the above-men- 
tioned second mask layer M2 and following the forma- 
tion pattern of making a mask layer to cover a non- 
masked region defined by a mask layer formed within a 
layer covering the mask layer, on an upper surface of 
the covering layer, a third mask layer and a layer cover- 
ing this mask layer, and further, a fourth mask layer and 
a layer covering this mask layer (these not shown in Fig. 
6) were sequentially layered in 4 sets in all to give a 
base substrate 1 . 

[0145] The upper surface of the above-mentioned 
fourth covering layer, namely, in the upper surface of the 
base substrate 1 , the upper areas corresponding to the 
masked region and the non-masked region formed by 
the fourth mask layer were measured for the dislocation 
density. As a result, these upper areas had a common 
density of 2x1 0 3 cm" 2 . 

Formation of element structure 

[0146] Under the same conditions as in Example 1, 
an n-type GaN layer S1 was grown in a thickness of 1 
ujti, an n-type AlGaN cladding layer S2 and a GaN 
active layer (light emitting layer) S3 were grown on the 
base substrate 1. The upper surface of the GaN active 
layer was measured for the dislocation density. Like the 
upper surface of the base substrate, in the upper sur- 
face of the GaN active layer, the upper areas from the 
masked region and the non-masked region formed by 
the fourth mask layer had a common dislocation density 
of 2x1 0 3 cm* 2 . A p-type AlGaN cladding layer S4 was 
grown to give a DH structure. A contact layer S5, an n- 
type electrode (lower electrode) P2, and a p-type elec- 
trode (upper electrode) P1 were formed, whereby an 
LED capable of ultraviolet emission was obtained. 

Evaluation 

[0147] This LED was mounted on a To-18 stem 
table, and the output was measured, which was found to 
be 5 mW at wavelength 362 nm, 20 mA. It was found 
that an output similar to that of a blue LED comprising 
an InGaN active layer was obtainable using a GaN 
active layer even in an ultraviolet range at 362 nm. 



Comparative Example 

so [0148] As a Comparative Example of Example 1, a 
typical base substrate comprising three layers of a sap- 
phire C face substrate 1 a, an AIN low temperature buffer 
layer 1b (thickness 30 nm) and a GaN layer 1c (thick- 
ness 2 |im) used in Example 1 was used. The layers S1 - 

55 S5 were formed thereon as in Example 2 to give a typi- 
cal conventional LED without a structure for lowering 
the dislocation. The dislocation density of the GaN light 
emitting layer of this LED was equally 2x1 0 9 cm* 2 
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throughout the upper surface of the light emitting layer. 
The output of this LED was measured and found to be 
0.2 mW at 20 mA with a low luminous efficiency. 

Example 3 

[0149] In this Example, the mask method was used 
for the production of a light emitting element. The mask 
layer was colored and GaN crystal was grown to confirm 
if the mask layer could be distinguished. 
[0150] The most basic crystal substrate 1a was a 
sapphire C face substrate having a diameter of 2 inches 
and a thickness of 330 jim. Under the same conditions 
as in Example 1 , a base substrate 1 comprising a sap- 
phire C face substrate, an AIN low temperature buffer 
layer and a GaN layer was prepared. 

Coloring of mask layer 

[0151] In a sputtering apparatus, a mask layer 
(Si0 2 layer, thickness 100 nm) covering the entire base 
substrate surface was formed. Iron chloride was 
brought into contact with the surface of the Si0 2 layer 
and heat treated in an inert gas at 1 150°C to allow heat 
dispersion of Fe as a distinguishing substance in an 
Si0 2 layer. As a result, the Si0 2 layer was colored 
brown. 

Patterning of mask layer 

[0152] A photosensitive resist was patterned by 
photolithography, and a striped mask layer was formed 
by etching. The longitudinal direction of the stripe was 
the <11-20> direction of the growing GaN group crystal. 
As a result, a substrate for GaN group crystal growth 
was obtained. 

Growth of GaN crystal layer 



Growth of secon d GaN cry stal layer 

[01 55] By the MOCVD method, a GaN crystal layer 
was grown until it embedded the second mask layer. As 

5 a result, the dislocation line that started from the inter- 
face between the substrate and the buffer layer and 
extended toward the upper layer side was sufficiently 
inhibited by the-two layers (two phases) of the mask lay- 
ers. Thus, the second GaN crystal layer had sufficiently 

10 lowered dislocation. 

Example 4 

[0156] In this Example, a tungsten layer was formed 
15 as a non -transmission layer on the lower layer of the 
mask layer to make the mask layer distinguishable, as 
shown in Fig. 8. GaN crystal was grown to confirm the 
distinguishability of the mask layer. 

20 Formation of base substrate 

[0157] Under the same conditions as in Example 3, 
a base substrate 1 consisting of a sapphire C face sub- 
strate, an AIN low temperature buffer layer and a GaN 
25 layer was formed. 

Formation of non-transmission layer. SiOo layer 

[0158] A tungsten layer was formed on a base sub- 
30 strate 1 by deposition, and a 100 nm thick Si0 2 layer 
was formed by sputtering. Thereafter, a photosensitive 
resist was patterned by photolithography, followed by 
etching to give a striped mask layer M consisting of an 
Si0 2 layur m2/tungsten layer m11, as shown in Fig. 
35 8(a). The longitudinal direction of the stripe was the <1 1- 
20) direction of the growing GaN group crystal. As a 
result, a substrate for GaN group crystal growth was 
obtained. 



*o Growth and evaluation of GaN crystal layer 



[0153] The above-mentioned substrate was placed 
in an MOCVD apparatus, heated to 1000°C in a hydro- 
gen atmosphere (containing ammonia). TMG and 
ammonia were flown for 30 min to grow GaN crystal to 
be used as a GaN crystal substrate. The GaN crystal 
was first grown to have a pyramidal shape in the non- 
masked region, and flattened at about 1 0 |im thickness 
from the base substrate face. The mask layer could be 
clearly distinguished due to the coloring in brown, even 
if embedded in the GaN crystal layer. 

Formation of second mask layer 

[0154] Using the mask layer (colored) inside the 
GaN crystal layer as the standard, the corresponding 
non-masked region on the upper surface of the GaN 
crystal layer was covered to form the second mask layer 
in a striped pattern. The mask layer on the lower layer 
side was a fine processing standard. 



[0159] In the same manner as in Example 3, a GaN 
crystal was grown until it covered the upper surface of 
the mask layer and used as a GaN crystal substrate. 
45 The mask layer embedded in the GaN crystal layer of 
the obtained GaN crystal substrate could show the posi- 
tion clearly and made a standard for preferable position- 
ing during processing of the part having lowered 
dislocation in the GaN crystal layer. 

so 

Example 5 

[0160] This Example is a variation of Example 4, 
wherein the non-transmission layer was a Bragg reflec- 
55 tion layer. 
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Formation of Bragg reflection layer and SiOo layer 

[0161] A Bragg reflection layer having a reflection 
peak wavelength of 450 nm was laminated by the 
MOCVD method as a GaN/AI 0 /|Ga 0 9 N 4 pair multilayer f 
film on the base substrate 1 , similar to that obtained in 
Example 4, to cover the entire upper surface of the base 
substrate. The total thickness of the Bragg reflection 
layer was 366 nm. Using a sputtering apparatus, a 100 . 
nm thick Si0 2 layer was formed to cover the entire 
upper surface of the Bragg reflection layer. In the same 
manner as in Example 4, etching was applied to give a 
striped mask layer M consisting of Si0 2 layer m2/Bragg 
reflection layer m12, as shown in Fig. 8(b). 

Growth of GaN crystal 

[0162] This specimen was placed in an MOCVD 
apparatus and a GaN crystal was grown until it covered 
the mask layer under the same conditions as in Exam- 
ple 4 to give a GaN crystal substrate. The GaN crystal 
first grew in the no n -masked region to form a pyramidal 
shape and became flat at a thickness of about 10 |im 
from the base substrate plane. 

Growth and evaluation of GaN crystal layer 

[0163] In the same manner as in Example 4, a GaN 
crystal was grown until it covered the upper surface of 
the mask layer and used as a GaN crystal substrate. 
The mask layer embedded in the GaN crystal layer was 
visually pale purple, which allowed clear identification of 
the position of the mask layer particularly upon irradia- 
tion of 400 nm light and observation with a photography 
apparatus. In the same manner as in Example 3, a sec- 
ond mask layer was formed to give a crystal having suf- 
ficiently low dislocation. 

Example 6 

[0164] In this Example, a GaN group LED having 
the same structure as in Example 1 was prepared, 
wherein an active layer was GaN, and layers other than 
the active layer, such as surface layer of the base sub- 
strate and a layer covering the mask, were AlGaN. The 
growth conditions were almost the same as in Example 
1 except the composition ratio of each layer. 

Formation of base substrate 

[0165] By the same method as used in Example 1, 
an AIN low temperature buffer layer 1b was grown in a 
thickness of 30 nm using a sapphire C face substrate as 
a crystal substrate 1a, and an Al 0 .o5G a o.95N layer 1c 
was grown in a thickness of 2 um, whereby a base sub- 
strate 1 was obtained. 

[0166] In the same manner as in Example 1, an 
Si0 2 mask layer M was formed. As the layer S1 cover- 



ing the mask (=n-type contact layer), an Al 0 05 Ga 0 95 N 
crystal layer was grown in a thickness of 6 jam. The cor- 
responding masked region on the upper surface of layer 
S1 had a lowered dislocation density of 7x1 0 6 cm" 2 . 
* [0167] An n-type Al 01 Gao 9 N cladding layer S2 
(thickness 0.2 |.un), a GaN active layer S3 (thickness 50 
nm) and a p-type Al 0 -jGao gN cladding layer S4 (thick- 
ness 0.1 um) were grown to give a DH structure. A p- 
type Al 005 Ga 0 g 5 N contact layer S5 was grown in a 
10 thickness of 0.5 |im, and a p-type electrode (upper elec- 
trode) P1 and an n-type electrode (lower electrode) P2 
were formed in the same manner as in Example 1 to 
give an LED capable of ultraviolet emission. 
[0168] The dislocation density of the upper surface 
15 of the active layer was measured during the growth 
process. The corresponding masked region had a low- 
ered dislocation density of 7x1 0 6 cm' 2 . 

Evaluation 

20 

[0169] This LED was mounted on a To- 18 stem 
table, and the output was measured, which was found to 
be 1 .5 mW at wavelength 362 nm, 20 mA as in Example 
1. The occurrence of cracks in each layer was observed 
25 with a microscopy, but no cracks were found. The effect 
provided by forming all the major layers with AlGaN was 
confirmed. 

Example 7 

30 

[0170] This Example shows an embodiment of the 
mask method explained by referring to Fig. 10, wherein 
GaN group crystal was actually grown using GaN as the 
first layer and AlGaN as the second layer. 

35 

Formation of base substrate 

[0171] As shown in Fig. 10, an AlGaN low tempera- 
ture buffer layer 1b was grown and then an n-type 
40 Al 0 .iGaQ 9 N layer 1c was grown in a thickness of 2 u,m 
on a sapphire C face substrate 1a having a diameter of 
2 inches to give a base substrate 1 . 

Formation of mask layer 

45 

[0172] An Si0 2 mask layer M was formed on a sub- 
strate surface of the base substrate 1 in a sputtering 
apparatus. The Si0 2 mask layer was patterned in 
stripes, wherein the longitudinal direction of the mask 
50 layer was the (1-100) direction, the thickness of the 
mask layer was 0.1 |im, the width of the mask layer was 
4 u.m, and the width of the non-masked region was 4 
urn. 

55 Formation of first layer 

[0173] This specimen was placed in an MOCVD 
apparatus, and heated to 1000°C in a nitrogen atmos- 



17 



: <EP 1071143A1_L> 



33 



EP 1 071 143 A1 



34 



phere, and TMG, ammonia and silane were flown for 30 
min. With the non-masked region as the starting point of 
the crystal growth, an n-GaN layer was grown as the 
first layer tl. The growth was continued until the time 
point when the mask layer was covered with GafM. As 
shown in Fig. 1 0, the thickness T of the first layer t1 from 
the upper surface of the base substrate in the non- 
masked region was 1.8 urn. 

Formation of second layer 

[0174] In addition to TMG, ammonia and silane, 
TMA was flown at an increasing flow amount (initial 
value 0) that changed the Al composition from 0 to 0.2 
throughout the layer thickness of the second layer (i.e., 
the second layer comprised GaN near the lower surface 
and AI 02 Ga 08 N near the upper surface), and the 
growth was continued until the total layer thickness 
reached 3 jum to give a second layer t2, which was used 
as a GaN group crystal substrate. 

[0175] The AIGaN crystal of the second layer had 
an area having low dislocation on the upper part of the 
mask layer. There was no occurrence of cracks in a 2 
inch wafer. 

Example 8 

[0176] In this Example, a light emitting part was fur- 
ther formed on the GaN group crystal substrate 
obtained in the above-mentioned Example 7 to give an 
ultraviolet ray (370 nm) emitting element. 

Formation of DH structure 

[0177] The second layer (AI 02 Ga 08 N near the 
upper surface) of the GaN group crystal substrate 
obtained in the above-mentioned Example 7 was used 
as an n-type cladding layer, and an InGaN layer (50 nm) 
was formed on the surface thereof as an active layer. 
Then, an Al 0 2 Ga 0 8 N layer was formed in a thickness of 
0.1 u,m as a p-type cladding layer. 

Formation of electrode etc. 

[0178] A p-type AI 005 Ga 095 N layer was grown in a 
thickness of 0.2 p.m as a contact layer on a p-type clad- 
ding layer. A p-type electrode was formed on the contact 
layer, and an n-type cladding layer (second layer of GaN 
group crystal substrate) was partially exposed by dry 
etching to form an n-type electrode, whereby an LED 
was completed. 

Evaluation 

[0179] This LED was mounted on a To-18 stem 
table, and the output was measured, which was found to 
be 1 mW at wavelength 370 nm, 20 mA. 



Example 9 

[0180] In this Example, a GaN group light emitting 
element as shown in Fig. 1 1(b) was prepared. The dis- 

5 location density of the light emitting layer S2 was par- 
tially lowered by the mask layer M and the layer S1 
covering the mask. The part in question had a structure 
that allowed intense light emission by the current con- 
striction of the mask layer M. 

w [0181] The longitudinal direction of the mask layer 
was formed to be the (11-20) direction and the growth 
rate in the C axis direction (layer thickness direction) 
was increased during the growth of the layer S1 cover- 
ing the mask, whereby the dislocation line L2 was bent 

15 toward the masked region side. The dislocation density 
of the corresponding non-masked region of the upper 
electrode forming face was lowered and an upper elec- 
trode P1 was formed thereon. 

[0182] As a Comparative Example of this Example, 
20 an LED was prepared in completely the same manner 
as in this Example except that an upper electrode was 
formed within the corresponding masked region 12t in 
the upper electrode forming face shown in Fig. 11(b), 
and the properties of the both LEDs were compared. 
25 [0183] As a result, the luminous intensity was 60 
mcd for the sample of this Example and 80 mcd for the 
sample of Comparative Example, and the life of the ele- 
ment was 10000 hr for the sample of this Example and 
2000 hr for the sample of Comparative Example. 

30 

Example 10 

[0184] In this Example, an LED as shown in Fig. 12 
was prepared. In addition to Example 9, a second mask 
35 layer M2 having a thickness of 100 nm was formed 
using Si0 2 as a material in this Example, in the corre- 
sponding masked region of the upper surface of the p- 
GaN cladding layer S3, whereby the advance of the dis- 
location line was stopped. A p-type GaN crystal was 
40 grown in a thickness of 2 ujn as a layer covering the 
second mask layer M2 to give a p-GaN contact layer S6. 
The upper electrode P1 was formed in the area outside 
the upper part from the light emission part S21, to not 
prevent the light from going out. 
45 [01 85] In this light emitting element, a light emission 
part S21 and an upper electrode showed low disloca- 
tion, and the upper electrode had a structure that did not 
prevent the light from going out. Therefore, the luminous 
intensity was as high as 180 mcd. While the light emit- 
so ting layer may degrade due to the current constriction 
structure, invasion of an electrode material into the dis- 
location line was sufficiently prohibited. Thus, the light 
emitting element had a long service life of 7000 hr, and 
was preferable in terms of luminous intensity and serv- 
55 ice life. 
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Example 11 



Example 12 



[0186] In this Example, an LED as shown in Fig. 13 
was prepared. 

[0187] In the same manner as in Example 1 , a sap- 
phire C face substrate was used as a crystal substrate 
1 a, an AIN low temperature buffer layer 1 b was grown in 
a thickness of 30 nm, and a GaN layer 1c was grown in 
a thickness of 3 jam to give a base substrate 1 . This 
specimen was taken out from the MOCVD apparatus, 
and a striped Si0 2 mask layer M having a thickness of 
100 nm was prepared by a sputtering apparatus. The 
longitudinal direction of the mask layer M was the <1- 
100) direction. An n-type GaN crystal was grown in a 
thickness of 5 urn as a layer covering the mask layer to 
give an n-type GaN layer S1. 

Formation of Bragg reflection layer 

[0188] Twenty sets of 2 layer-one pair GaN 
layer/AIN layer, each layer having a thickness of 1/4 of 
the light emitting wavelength, were laminated to give a 
Bragg reflection layer B1 . Each layer was formed by the 
MOCVD method. 

Formation of element structure 

[0189] An n-type GaN contact layer S2 was grown 
in a thickness of 2 urn. An n-type AlGaN cladding layer 
S3 was grown in a thickness of 0.8 uxn, the growth 
atmospheric gas was changed from hydrogen to nitro- 
gen and the growth temperature was lowered to 700°C 
while flowing ammonia. Trimethyiindium (TMl) as an In 
starting material, TMG and ammonia were flown to grow 
an InGaN active layer S4 in a thickness of 3 nm, the 
temperature was raised to 1000°C, the growth atmos- 
pheric gas was changed from nitrogen to hydrogen, and 
a p-type AlGaN cladding layer S5 was grown in a thick- 
ness of 0.1 |j.m, whereby a DH structure was obtained. 
Further, a p-type GaN contact layer S6 was grown in a 
thickness of 0.5 pm, and a p-type electrode P1 and an 
n-type electrode P2 were formed to give an LED. 
[0190] As a Comparative Example of this Example, 
an embodiment shown in Fig. 1 3 was prepared except 
that the mask layer M and the layer S1 covering the 
mask layer M were not formed and the dislocation den- 
sity of the Bragg reflection layer B1 was not lowered. 
[0191] Both LEDs were mounted on a To-18 stem 
table, and the output was measured at 20 mA. The out- 
put of the sample of this Example was 8 mW, the serv- 
ice life thereof was 5000 hr, the output of the sample of 
Comparative Example was 2 mW and the service life 
thereof was 500 hr. It was found that the light emitting 
element of the present invention comprising a Bragg 
reflection layer having lowered dislocation had superior 
characteristics in terms of output and service life. 



[0192] In this Example, a GaN group light emitting 
element as shown in the embodiment of Fig. 14 was 
5 prepared. The laminate structure was completely the 
same as in Example 1 1 except the following points. 

(1) A mask layer M2 was formed on the upper sur- 
face of the p-type AlGaN cladding layer S5, and 

to current constriction was applied to a light emitting 

layer. The part S41 that emitted intense light due to 
the current constriction corresponded to the upper 
part of the mask layer M and this part was made to 
have lowered dislocation. The p-type GaN contact 
15 layer S6 covered the mask layer M2. 

(2) The upper electrode P1 was formed except the 
upper part of the light emitting part S41 to not pre- 
vent the light from going out. 



20 [0193] The LED obtained in this Example was 
measured in completely the same manner as in Exam- 
ple 1 1 for the output. As a result, the output was 1 5 mW 
and the service life was 5000 hr. As compared to Exam- 
ple 11, the input was higher and the embodiment was 

25 more preferable. 

Example 13 

[0194] In this Example, an LED as shown in the 

30 embodiment of Fig. 1 6 was prepared. 

[0195] A Bragg reflection layer B1 (a laminate of 20 
sets of 2 layer-one pair GaN layer/AIN layer, each layer 
having a thickness of 1/4 of the light emitting wave- 
length) was formed on a base substrate 1 as obtained in 

35 Example 1 1 . Each layer of the Bragg reflection layer 
was formed by the MOCVD method 

Formation of mask layer and layer covering same 

40 [0196] A 100 nm thick striped Si0 2 mask layer M 
was formed on the upper surface of the Bragg reflection 
layer B1 in a sputtering apparatus. The longitudinal 
direction of the mask layer M was the (1-100) direction 
relative to the crystal orientation of the Bragg reflection 

45 layer. This specimen was placed in an MOCVD appara- 
tus, and heated to 1000°C in a hydrogen atmosphere. 
TMG, ammonia and silane as a dopant starting material 
were flown to grow an n-type GaN crystal layer S1 
(thickness 5 jim) as a layer covering the mask layer. 

50 

Formation of element structure 

[0197] In the same manner as in other Examples, 
an n-type AlGaN cladding layer S2 was grown in a thick- 
55 ness of 0.8 u.m, an InGaN active layer S3 was grown in 
a thickness of 3 nm and a p-type AlGaN cladding layer 
S4 was grown in a thickness of 0.1 |xm to give a DH 
structure. A p-type GaN contact layer S5 was grown in a 



19 



BNSDOCID: <EP. 



.1071143A1_I_> 



37 



EP 1 071 143 A1 



38 



thickness of 0.5 urn, and a p-type electrode P1 and an 
n-type electrode P2 were formed to give an LED. 
[0198] As a Comparative Example of this Example, 
a structure without a mask layer M or protection of the 
Bragg reflection layer B1 was prepared. 
[0199] The both LEDs were mounted on a To-18 
stem table, and the output was measured at 20 mA. The 
output of the sample of this Example was 8 mW, the 
service life thereof was 5000 hr, the output of the sam- 
ple of Comparative Example was 2 mW and the service 
life thereof was 500 hr. It was found that the light emit- 
ting element of the present invention had superior char- 
acteristics in terms of both output and service life. 

Example 14 

[0200] In this Example, an LED as shown in the 
embodiment of Fig. 17 was prepared. The laminate 
structure was completely the same as in Example 13 
except the following points. 

(1) A mask layer M2 was formed on the upper sur- 
face of the p-type AIGaN cladding layer S4, and 
current constriction was applied to a light emitting 
layer. The part S31 that emitted intense light due to 
the current constriction corresponded to the upper 
part from the mask layer M and this part was made 
to have lowered dislocation. The p-type GaN con- 
tact layer S5 covered the mask layer M2. 

(2) The upper electrode P1 was formed except the 
upper part of the light emission part S31 to not pre- 
vent the light from going out. 

[0201] The LED obtained in this Example was 
measured in completely the same manner as in Exam- 
ple 13 for the output. As a result, the output was 15 mW 
and the service life was 5000 hr. As compared to Exam- 
ple 13, the input was higher and the embodiment was 
more preferable. 

Example 15 

[0202] In this Example, Example 1 was partially 
modified, wherein the width of the mask layer was set 
narrow to 0.5 urn to inhibit precipitation of polycrystal on 
the mask layer. The layer covering the mask layer and 
the n-type contact layer thereon were different layers. 
Except these, a GaN group LED having the structure 
similar to Example 1, Fig. 1, was prepared. 

Formation of base substrata 

[0203] In the same manner as in Example 1 except 
that, in Example 1 (formation of base substrate), TMG, 
TMA and ammonia were fed to grow an AIGaN layer in 
a thickness of 2 urn after growth of the AIN low temper- 
ature buffer layer, a base substrate was obtained. 



Formation of m ask laver and laver covering same 

[0204] In the same manner as in Example 1 except 
that, in Example 1 (formation of mask layer and layer 

5 covering same), the width of the masked region and the 
non-masked region was commonly set to 0.5 urn, a 
mask layer was formed. This specimen was placed in 
an MOCVD apparatus, and heated to 1000°C in a 
hydrogen atmosphere. TMG, TMA and ammonia were 

io flown to grow Alo.sGaosN in a thickness of 1 u,m to 
cover the upper surface of the mask layer flat, whereby 
a layer covering the mask was obtained. 
[0205] The growth of a specimen for observation, 
which had been formed separately in completely the 

15 same manner as in this Example, was stopped at this 
point and the condition before covering the mask was 
observed by SEM. As a result, precipitation of polycrys- 
tal on the mask was not observed. The specimen for 
this Example was continuously grown without interrup- 

20 tion. 

[0206] in the upper surface of a layer covering the 
mask layer thus obtained, the upper areas correspond- 
ing to the masked region and the non-masked region 
were measured for the dislocation density. As a result, 
25 the upper area from the masked region had a lowered 
dislocation density of 7x1 0 6 cm" 2 . Then, silane as a 
dopant starting material was added to TMG, TMA and 
ammonia, and an n-type AI 01 Ga 0 9 N contact layer was 
grown in a thickness of 2 urn. 

30 

Formation of light emitting laver 

[0207] Silane as a dopant starting material was 
added to TMG, TMA and ammonia, and an n-type 

35 Al o.i5 Ga o.85 N cladding layer was grown in a thickness 
of 0.2 u.m. Then, multiple quantum well active layers 
made of AIGaN/lnGaAIN were formed in 5 pairs. The 
dislocation density of the upper face from the multiple 
quantum well active layer made of AIGaN/lnGaAIN was 

40 measured. As in the upper surface of the layer covering 
the mask layer, in the upper face of the active layer, the 
upper area from the masked region had a lowered dis- 
location density of 7x1 0 6 cm" 2 . Then, Cp 2 Mg as a 
dopant starting material was added to TMG, TMA and 

45 ammonia and a p-type Al 0 15 Ga 0 85 N cladding layer was 
grown in a thickness of 0.1 urn. 

Formation of p-type contact layer 

so [0208] TMG, TMA, ammonia and Cp 2 Mg as a 
dopant starting material were flown to grow a p-type 
A, o.iGao.9 N contact layer in a thickness of 0.1 ujti. After 
the growth, the specimen was annealed in a nitrogen 
atmosphere. 

55 

Evaluation 

[0209] This LED was mounted on a To-18 stem 
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table, and the output was measured, which was found to 
be 5 mW at wavelength 380 nm, 20 rnA. 

Example 16 

[0210] In this Example, the group (II feed gas to be 
fed for the growth of a layer covering the mask by 
MOCVD was replaced for an alkyl chloride compound of 
a group til element, and an element was actually 
formed. The layer covering the mask and the n-type 
contact layer thereon were different layers. Except 
these, a GaN group LED having the same structure as 
in Example 15 was prepared. 

[0211] In the same manner as in Example 15, a 
base substrate was formed. In Example 1 5 (formation of 
mask layer and layer covering same), the width of the 
masked region and the non-masked region was com- 
monly set to 4 u,m. The composition of the layer cover- 
ing the mask layer was set to Al 0 05 Ga 095 N and this 
layer was grown in the same manner as in Example 15, 20 
except that diethylgallium chloride (DEGaCI) was used 
as a Ga starting material and diethylaluminium chloride 
(DEAICI) was used as an Al starting material, in a thick- 
ness of 1 |xm to cover flat the upper surface of the mask 
layer to give a layer covering the mask. 25 
[0212] The growth of a specimen for observation, 
which had been formed separately in completely the 
same manner as in this Example, was stopped at this 
point and the condition before covering the mask was 
observed by SEM. As a result, precipitation of poiycrys- 30 
tal on the mask was not observed. The specimen for 4. 
this Example was continuously grown without interrup- 
tion. 

[0213] In the upper surface of a layer covering the 
mask thus obtained, the upper areas corresponding to 35 
the masked region and the non-masked region were 
measured for the dislocation density. As a result, the 
upper area from the masked region had a lowered dis- 
location density of 7x1 0 6 cm' 2 . Thereafter, an LED was 
obtained in the same manner as in Example 15. This 40 5. 
LED was mounted on a To-1 8 stem table, and the output 
was measured, which was found to be 5 mW at wave- 
length 380 nm, 20 mA. 

Industrial Applicability 45 

[0214] According to the present invention, a light 
emitting element capable of emitting ultraviolet rays at a 
sufficiently high luminous efficiency can be obtained, 
even by the use of ln a Ga b Al c N (e.g., GaN, AIGaN), 50 
made to have a composition capable of ultraviolet emis- 
sion, as a light emitting layer. In addition, by forming the 
entire thick films of the GaN group crystal layer with 
AIGaN, occurrence of cracks can be inhibited, and the 
problem of absorption of light emitted from the light 55 
emitting layer by other layers can be overcome. Further- 
more, by lowering the dislocation of the upper electrode 
forming face, an electrode material is kept from entering 



the dislocation line, thereby reducing occurrence of a 
short-circuit, which in turn results in less degradation of 
light emission characteristic and an ultraviolet light emit- 
ting element having a longer life. Moreover, by solving 
the problem of Al composition associated with the mask 
method and clarifying the preferable combination of the 
mask layer and the Bragg reflection layer, a superior 
ultraviolet light emitting element can be provided. 
[0215] This application is based on patent applica- 
tion Nos. 337039/1997, 339780/1997, 307677/1997, 
327927/1 997, 327907/1 997, 1 79339/1 998, 

198514/1998 and 236845/1998 filed in Japan, the con- 
tents of which are hereby incorporated by reference. 



15 Claims 



A GaN group semiconductor light emitting element 
comprising a light emitting layer made of ln a Ga- 
bAl c N (0sas1 , 0^bs1 , 0scs1, a+b+c=1 ) which 
emits ultraviolet rays, and which comprises a part 
having lowered dislocation. 

The light emitting element of claim 1 , wherein the 
ln a GabAl c N is Al x Ga (1 _ x) N (0^x<1). 

The light emitting element of claim 1, wherein the 
part having lowered dislocation in the light emitting 
layer has a dislocation density of not more than 1 0 7 



The light emitting element of claim 1, which com- 
prises GaN group crystal layers all made of 
Al y Ga (1 _ y) N (0<y=s1) wherein the Al composition y 
satisfies [energy Eg1 of light emitted from the light 
emitting layer] < [band gap energy Eg2 of layer(s) 
other than the light emitting layer], except a material 
of an active layer when the active layer is the light 
emitting layer. 

The light emitting element of claim 1, which has a 
structure comprising a laminate of plural GaN group 
crystal layers, inclusive of a light emitting layer, suc- 
cessively grown on one another on a base sub- 
strate as the lowermost layer, the substrate 
permitting growth of GaN group crystal with the C 
axis as the thickness direction, and a p-type elec- 
trode and an n-type electrode formed on the lami- 
nate, wherein 

the lowered dislocation of the light emitting 
layer is achieved by a mask layer and a layer 
covering the mask layer, that are formed 
between the base substrate and the light emit- 
ting layer, 

the mask layer and the layer covering the mask 
layer being formed in the laminating direction in 
one or more pairs, 

the mask layer being partially formed to define 
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a masked region and a non-masked region on 
the surface where the mask layer is formed, 
the mask layer being made from a material 
substantially free of growth of GaN group crys- 
tal from its surface, and 5 
the layer covering the mask layer being a GaN 
group crystal layer grown from the non-masked 
region as a growth starting plane until it has 
covered the upper surface of the mask layer. 

w 

6. The light emitting element of claim 5, wherein the 
layer covering the mask layer is formed while con- 
trolling the ratio of the growth rate in the C axis 
direction and the growth rate in the direction per- 
pendicular to the C axis, and the ratio of the two 15 
growth rates is controlled by combining a pattern of 

the mask layer, a crystal growth method and an 
atmospheric gas during the crystal growth. 

7. The light emitting element of claim 5, wherein the 20 
mask layer has a striped pattern formed by setting 
strip-like mask layers in stripes and the longitudinal 
direction of the stripe extends in the <1 1-20) direc- 
tion or (1-100) direction relative to the GaN group 
crystal formed on the base substrate. 25 

8. The light emitting element of claim 5, wherein the 
mask layer and the layer covering the mask layer 
are set in the laminating direction in two or more 
pairs, the mask layer of each pair having a striped 30 
pattern formed by setting strip-like mask layers in 
stripes and the pattern satisfying 
{(W1-W2)/(W1+W2)}&0.1 wherein W1 is the width 

of the strip-like mask layer and W2 is the width of a 
strip-like non-masked region. 35 

9. The light emitting element of claim 5, wherein the 
mask layer has a striped pattern formed by setting 
strip-like mask layers in stripes and the strip-like 
mask layer has a width of 0.01 um - 1 urn 40 

10. The light emitting element of claim 5, wherein the 
mask layer affords current constriction, the current 
constriction concentrating the current to a part in 

the light emitting layer, where the dislocation has 45 
been lowered. 

11. The light emitting element of claim 1, which has a 
structure comprising a laminate of plural GaN group 
crystal layers, inclusive of a light emitting layer, sue- 50 
cessively grown on one another on a base sub- 
strate as the lowermost layer, the substrate 
permitting growth of GaN group crystal with the C 
axis as the thickness direction, and a p-type elec- 
trode and an n-type electrode formed on the lami- 55 
nate, wherein the lowered dislocation of the light 
emitting layer is achieved by using the following 
base substrate (A) as the base substrate: 



(A) a base substrate having at least a surface 
layer of a GaN group crystal layer, wherein at 
least a part or the entirety of the surface layer 
has lowered dislocation, and at least a surface 
layer of the following GaN group crystal sub- 
strate (B) is utilized: 

(B) a laminate of GaN group crystal layers suc- 
cessively grown on a substrate as the lower- 
most layer, the subdstrate permitting growth of 
GaN group crystal with the C axis as the thick- 
ness direction, 

the mask layer and the layer covering the 
mask layer being formed in the laminating 
direction in one or more pairs, 
the mask layer being partially formed to 
define a masked region and a non-masked 
region on the surface where the mask layer 
is formed, 

the mask layer being made from a material 
substantially free of growth of GaN group 
crystal from a surface thereof, and 
the layer covering the mask layer being a 
GaN group crystal layer grown from the 
non-masked region as a growth starting 
plane until it has covered the upper surface 
of the mask layer. 

12. The light emitting element of claim 11, wherein the 
layer covering the mask layer of the GaN group 
crystal substrate of the (B) is formed while control- 
ling the ratio of the growth rate in the C axis direc- 
tion and the growth rate in the direction 
perpendicular to the C axis, and the ratio of the two 
growth rates is controlled by combining a forming 
pattern of the mask layer, a crystal growth method 
and an atmospheric gas during the crystal growth. 

13. The light emitting element of claim 5, wherein, of 
the both electrodes, an upper electrode to be 
formed on the upper layer side from the light emit- 
ting layer is formed in an area having lowered dislo- 
cation, which is in an electrode forming face where 
the upper electrode is to be formed. 

14. The light emitting element of claim 5, further com- 
prising a Bragg reflection layer formed between the 
light emitting layer and the layer covering the mask 
layer. 

15. The light emitting element of claim 5, further com- 
prising a Bragg reflection layer formed on the lower 
layer side from the mask layer. 

16. The light emitting element of claim 5, further com- 
prising a Bragg reflection layer formed on the upper 
layer side from the light emitting layer, wherein the 
Bragg reflection layer and a Bragg reflection layer 
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formed on the lower layer side from the light emit- 
ting layer constitute a resonator to resonate the light 
emitted from the light emitting layer. 

17. The light emitting element of claim 5, wherein the 5 
mask layer comprises a distinguishing substance 
that prevents transmission of a light having a wave- 
length selected from ultraviolet rays to infrared rays 
and that makes the mask layer visually or optically 
distinguishable, the distinguishing substance capa- 10 
ble of retaining the distinguishing power imparted to 
the mask layer even upon exposure to the GaN 
group semiconductor crystal growth conditions in 
the mask layer. 

15 



18. The light emitting element of claim 17, wherein the 
distinguishing substance is at least one element 
selected from Fe, Cr and Nd. 

19. The light emitting element of claim 5, further com- 20 
prising a non-transmission layer that prevents 
transmission of a light having a wavelength 
selected from ultraviolet rays to infrared rays and 
that is formed, in accordance with the mask layer 
forming pattern, between a surface where the mask 25 
layer is formed and the mask layer, by which the 
mask layer is made visually or optically distinguish- 
able, the non-transmission layer being made from a 
material capable of standing the GaN group semi- 
conductor crystal growth conditions, and capable of 30 
retaining the property to inhibit transmission of said 
light even upon exposure to the GaN group semi- 
conductor crystal growth conditions. 

20. The light emitting element of claim 19, wherein the 35 
non-transmission layer comprises a Bragg reflec- 
tion layer. 

21. The light emitting element of claim 19, wherein the 
non-transmission layer is made from a material that 40 
prevents transmission of a partial or entire wave- 
length light in the visible region. 



24. The light emitting element of claim 22, wherein the 
first GaN group crystal layer is a GaN crystal layer 
and the second GaN group crystal layer is an 
AIGaN crystal layer. 

25. A production method of GaN group crystal, which 
comprises the steps of 

forming a mask layer on a crystal surface 
where a GaN group crystal can grow, such that 
a masked region and a non-masked region are 
defined, 

the mask layer being made from a material 
substantially free of GaN group crystal 
growth from its surface, and 

growing a GaN group crystal from the non- 
masked region as a growth starting plane until 
it covers the upper surface of the mask layer by 
the vapor phase growth method, 
wherein, of the feed gases fed for the crystal 
growth, an alkyl chloride compound of a group 
III element is used as a group III feed gas when 
forming the layer covering the mask layer. 

26. The production method of GaN group crystal 
according to claim 25, wherein the mask layer and 
the layer covering the mask layer are those 
included in the GaN group semiconductor light 
emitting element of any of claims 5 to 23. 



22. The light emitting element of claim 5, wherein the 
layer covering the mask layer is a first GaN group 45 
crystal layer, and a second GaN group crystal layer 

is grown thereon, the first GaN group crystal layer 
has an Al composition of substantially nil, and the 
second GaN group crystal layer comprises a layer 
having an increasing Al composition with an so 
increasing layer thickness from the boundary of the 
first GaN group crystal layer. 

23. The light emitting element of claim 22, wherein the 
layer having an increasing Al composition in the 55 
second GaN group crystal layer has an initial Al 
composition value of not more than 0.01 . 
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